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ABSTRACT

The a•oaorphology and glaolal geology or th• north
halt of' Barn•• County in east central Rorth Dakota tad•••
crlbed and interpreted.

Th• area oomprtaed a portion ot

the W•atern Lake aeotlon ot the Central Lowland proTino•
and was informally dealgnated th• Middle Sheyenne R1Ter · area
without detin1ng it• boundaries.

rour phyaiog~aphio eub-

d1Tia1ona in th• Middle Sh•y•nn• ,tiTer area ver• aaalgneda

1. Th• Kenaal Glao1a1 Plain aubcllTieion that embrace•
land between th• Sheyenne RiT•r and the veat county boundary.

2. The Sheyenne Rl••r Valley aubd.lTielon.
::,. The CUacial•Lak• Plains aubd1Tia1on that consists
ot three aeparat• but genetically related ar••• ot laouatrine
allta.

4. Th• LuT•rn• Ridge and Slope aubd1T1eion that include•
th• long atraight upland at"ea that trends north-south through
R.

,1 w.,

boundary.

and the ~~a1tvard eloping aurtaoe to the east county
Glacial and glao1otluT1a1 1and£orma of each aub.

d1T1aion are described and thelr mode ot o~igin diaouaaed.
Pleiatoo•n• atratigraphy 1• dlaouased und•r two head•
tngaa

Indetel"lllinant •tagea, and t he Wlaoonalnan atage.

depoatta ot 1ndeterm1nant age are repreaented.

Two

On• oonaiats

ot 1no1uaione or till or orange oolor in a butt till matrix.
111• boundari•• ot the lnolua1on• are sharp, the calo1te and
dolom1t• oontent la three to tour times that of th• enclos ing
Ti

Tii

till, and the lithology ia dlatlnctl•••

Th• inclusions are

interpreted as a till older than the enclosing till matrix.
Bo source ot the orang• t111 1• known in •••tern North Dakota.
The other till ot indeterminant age 1• a gray, dense,
stony clay that 1• mapp•d aa a lithoatratlgraphio unit and
named the Sheyenne Valley formation.

It ia characterised by

joints and pebble mold• that are lined with stains of iron
and manganese.

Where exposed, it is capped by a boulder

paTement that separates it from the o•erlying butt till.

It

torms seTera1 topographic promontories 1n the Glacial-Lake•
Plain• and LuTerne Ridge and Slope subdivision•.
In the Wlaconsinan stage, tour dritta occur in the
area ot thie report.

The oldest is interpreted aa Buchanan

(?) drltt that ooour, as a series

or

northwestern part ot tbe count:,.

It is believed th••• hills

drumlinoid bills in the

are an overridden end moraine ot Buchanan(?) drift reahaped
by Kensal lee.

Sharp lithologlo variation from surrounding

Kensal till, remnants ot outwasb aouthea•t of the line of
hill•, and that line parallel to the strike ot the Buchanan
•nd moraine ln Stutsman County, all prompt this interpretation.
K•n•al dritt, the olde•t oontinuou• aurtace drltt in
Barn•• County, oo••r• the entlr• area we•t ot the Sheyenne
and Ba1dhl11 creek vall•:,•.

Cooperstown end moraine bounds

the Baldhill Creek Valley, oro•••s the Sheyenne Valley near
the southeast corner

or T. 143 ••• a. ,aw.,

apparently form.

ed a re-entrant, then continue• aautb along the east edge ot
the Sheyenne Valley.

The uppermost Wiaoonainan drift in

't'lli

Barn•• oounty 1• herein named the LuTerne drift.

Thia unit

o.ons1ata of a long atraight end mo1"alne, it• attendant out•
wash on the west, and aloplng ground moraine to the east edge

ot the oounty.
Hlatorical lnterpretatton places all Barn•• County
surface glaoial depoalta in Late Wlsconainan subsequent to
the •mplao•••nt of lo• that tonaed the sti-eeter Moraine and
the dead.lo• teaturea ot the Burnatad dritt on the· Coteau du
Missouri.

Three terraces in the Sheyenne Valley post-date

the Kensal and Cooperstown moraines, but LuTerne meltwater
may have helped form the thi:rd or lowest terrace.

Data 1•

1ummarized ahow1ng the ~elatlonship ot the•• terraoea to
d1Tera1on ot Lake Souris wat•r and deposition of the Shey•
enne Delta in Lake Agaaai& I.

street• on Barnes Ooun~y glacial chronology of the
contrasting Tiewa ot Letghton and Blaon oonoerning exlatenoe

or Valders ice ln North Dakota are eU1111Darlaed.

If L•lghton

vaa oorreot, Vald•r•, lo• tormed the K•naa1 mo~aln• Which oor•
relate• •1th th• Bigstone moraine in Minne,ota.

In thia Y:l.ew

Kensal, Oooperatown, and LuTerne moraine• are all post.Two
Oreekan ln age.

Blaon•s Tlev that Valders lo• did not r•aoh

North Dakota would plaoe Barn•• County depoaita in the Wood•
f rd.ian or pt'e•Two 01'••k• lnterTal.

If thla Tiew la accepted,

aTa11ab1e l'&dlocarbon date• ot 11,6,0 years tJ'om wood ln the
Burn1tad drltt cannot be •••oo1ated with act1Te Burnstad lo•~

Rather, an earlier date tor Burnatad adTanoe and aubeequent

ix

stagnation

ust be

ss1gn•d to

llow subsequent active lo•

to build moraines in Barnes County and to disappear trom

Korth Dakota by TWo Creeks t i • •

'I

;

GLACIAL GEOLOGY OF THE NORTH HALF
OF BARNES COUNTY
NORTH DAKOTA

Douglas A. Block

INTRODUCTION
General Introduction
This report presents certain aspects of the geology
of the north half of Barnes County, , North Dakot~.

Its major

objectives are to enumerate and describe the occurrence and
character of glacial landforms and glacial drift within the
north half of Barnes County and to set forth an interpretation of the glacial history of the area.
Location
The portion of Barnes County discussed in this report inoludes about 864 square miles in Townships 140 to 143
North, and Ranges 56 to 61 West in east-central North Dakota
(Figure 1).

The area is bordered on the east by Cass County,

on the north by Griggs and steele Counties, and on the, west
by Stutsman County.

Interstate highway 94 bisects Barnes

.

.

'

2

County in an east-west direction and constitute• eaaentiall7
the south boundary or the area or this report.
Culture
Most of the north half of Barnes Count7 is farmland.
Since there are no timber areas, the major restriction to
cultivation is the occurrence of numerous erratic boul~era
and some kettles that are swampy or hold water in wet years.
Such areas are used as permanent pasture land.
In

1960 Barnes County had a population . of 16,719 or

which an estimated two-thirds is in the northern half.
Valley City, the county seat with a

1960 popuiation of 7809,

forms the cen•er of commercial activity.
Interstate

It is located on

94 as well as being served by the Northern Pacific

and the Minneapolis, st. Paul, and Sault st. Marie railroads.
In the north half of the county, nine other towns constitute
centers of rural commercial activity, chief of which are
Wimbledon
Leal

(402), Sanborn (26J), Dazey (226), Rogers (119),

(70), and Oriska (148).

Sibley is a resort and recre-

ational center on the west bank of Lake Ashtabula near the
north edge or the county (Plate 1).

The Sheyenne River is

the only adequate surface water reservoir in Barnes County
therefore many , population centers are dependent upon subsurface water from bedrock or glaoiofluvial sediments.
The old routes

u.s. 10

and 52 with Interstate

94 con-

stitute \he only east-west paved roads traversing the county.
Several paved highways cross the area in the north-south direction, and .most section lines are now gravelled roada.

.
.

PreTiously Published Work
Regional Studies
Lemke and Colton (19S8) presented the most widely
used regional study that includes data specifically applicable to the north half of Barnes County.

That paper sum-

marized their interpretation of North Dakota glacial geology.
In addition, the relation of deposits in Barnes County to
the statewide pattern is clarified.

The Preliminary Glacial

Map of North Dakota (196J) by Colton, Lemke, and Lindvall
included some reTision of Lemke and Colton's 19j8 work plus
more recent information deriTed from the county studies noted
below.

.

In a sense, renneman (19J8) referred to the area in
defining and describing the Western Young Drift Section
though the reference can hardly be regarded as specifically
definitive.

Willard (1909) reported on the geology of the

Jamestown, Eckelson, and Tower quadrangles that include some
of Barnes County.

Two of the terminal moraines that he map-

ped approximate the location of the Kensal and LuTerne moraines.

Willard referred to these as the Waconia and Fergus

-

Falls moraines respectively.

Upham (1896) used these terms

.

earlier but interpreted the Fergus Falls moraine as Corming
·a "u"-shaped loop that curved east and north in an indistinct ridge near the common corners of Barne,s , Casa, and
Ransom counties.

Willard does not distinguish lake deposits

••
4
but maps a wide area of high Sheyenne River terrace east of
the river.
Todd (1896), Leonard (1916), Leverett (19J2), Alden

(19J2), and Townsend and Jenke (1951) are noteworthy among
those who wrote of the regional pattern of glacial geology
in North Dakota.

These writers centered their attention up-

on two matters primarily:

(1) They attempted to fix the age

of the old and very discontinuous deposits that lie southwest of the Missouri River, and (2) they sought to describe
and interpret the deposits of the Coteau du Missouri.

These

workers devoted little attention to the younger glacial deposits of eastern North Dakota.

This aspect or glacial geo-

logy was left to workers in local areas.
Local Studies
Local studies in North Dakota have been of two sorts a
(1) Ground water studie~ focused on the area in and near a
given villag~ have been undertaken jointly by the State Geological Survey, the State Water Conservation Commissio~ and
the

u.s.

Geological Survey tbat sought to give help to towns

attempting to construct municipal water-supply systems or
experiencing special difficulty relative to water supply.
(2) County-wide studies of surficial and subsurface geological conditions later evolved from the local ground water
studies under essentially the same sponsors.

The mapping of

glacial deposits has been done in large measure by t~e State
Geological Survey, whereas the Ground Water Branch of the

u.s.

Geologi~al Survey has supervised well inventories and

..
prepared the final reports.

'

Test drilling for the purpose or

gaining data specifically pertaining to hydrology has been
contributed by the North Dakota State Water OonserTation
Commission.

To expedite its part of the work in preparing

these county-wide studies, the State Geological SurTey has
proTided partial support, and thereby utilized the serTices
of graduate students and some Caculty members of the UniTersity of North Dakota.

Of the completed ground water studies, only two concern the north half 01' Barnes County.

Dennis (1948) des-

cribed hydrologic conditions in the Wimbledon area, and Huxel

(1961) discussed ground water problems near Sanborn.

Bach 01'

these reports contains detailed information pertinent to the
small area surrounding these Tillages.

County studies that

haTe aided particularly in the interpretation of deposits in
the north half of Barnes County haTe been those or Clayton

(1962) who wrote of glacial geology in Logan and McIntosh
counties, and Winters (196)) who produced the report for
Stutsman County.

Both of these papers haTe been helpful and

will be cited below.
The geology and geomorphology of the Sheyenne RiTe~
valley between Valley City and the north Barnes County boun~
dary is described in popular fashion in a guidebook for the
Valley City area produced for Geology Month ~n Scouting by
Laird and Hansen in 1957.

Acknowledgments
I wish to acknowledge my debt to the North Dakota
Geological SurTey for instituti.ng this study and for underwriting the cost of field transportation.

Also, great appre-

ciation is due the faculty of the University of North Dakota
Geology Department and Graduate School who recommended and
made available the National Science Foundation fellowship
~or teaching assistants.
Dr. Wilson M. Laird, Dr. John R. Reid, Dr. F. D.
Holland, Jr. and Dr. Robert Caldwell have read and critically
evaluated the manuscript.

However, they are not responsible

for the conclusions contained herein.
~ull responsibility.

ror these, I assume

Dr. Bernt L. Wills, director of the

National Science Foundation Institute for elementary teachers,
graciously arranged my teaching schedule so that a maximum
of field time was available during the summer of 1962.
I am indebted to Mr. Q.
Water Branch of the

u. s.

r.

Paulson of the Ground

Geological Survey in Grand Forks

~or the loan of aerial photographs, and to Mr. Tim Kelly of
the

u. s.

Geological Survey for access to test hole logs.

Most of all I wish to express my appreciation to
Dr. Wilson M. Laird, State Geologist of North Dakota, for
his continued encouragement and counsel both in the field
and laboratory, and great patience • • Without hi• aid this
project could not haTe been completed.

6

Methods of Study~ Analysis
Field Work
This report is based upon two summers of field work
carried on during 1961 and 1962.

The field mapping was done

under the superTision of the North Dakota Geological Survey.
Field information was plotted on the 1957 county
highway map, scale ls6J.J6o. prepared by the North Dakota
Highway Department.

Geologic contacts were plotted in the

field on 1959 air photo stereopairs, scale 1121,120, obtained
from the

u.s.

Geological Survey.

The base map of Plate 1,

scale la6J,J60, showing only drainage, major highways and
railroads, and township, range, and section lines was provided by the North Dakota Geologic ,Survey.

Data from air

photos was transferred to the base map using specially prepared thread-grids that subdivide each section of a township
into quarters of a quarter-section.

Data from the field map

was transferred by direct tracing except where discrepancies
in the two base maps necessitated measurement by a threadgrid.
Every road in the area was traversed by car, and less
accessible areas were covered on foot.

Lithologic informa-

tion was obtained by examination of road• cuts and shallow
' holes dug with shovel and hand auger.

Specific elevations

that are referred to in the text were determined from
minute quadrangle maps published by the

u.s.

Geological

Survey subsequent to the completion of field work.

7
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Sampling and Laboratory Analysis
Securing samples for laboratory study inTolved collecting till from each end moraine where the direction of
ice movement is known or subject to little doubt.

Groups

of samples were taken from closely spaced sites along the
strike of a given moraine, but there was no attempt to collect samples of ground moraine because of highly Tariable
slope and ground water conditions.
Insofar as possible, new cuts free of Tegetation
were chosen for sampling.

A surface at least five feet be-

low the top of each cut was cleaned.

About three kilograms

of till were collected from an area one foot square and one
to three inches thick.

.

After drying, these samples were disaggregated and
split so that essentially 110 grams were selected.

This

quantity was wet-sieved through the 250-mesh Standard Tyler
sieve, and the silt and clay passing through were again dried
in preparation for carbonate and hydrometer analysis.

Demin-

.

eralized water was used for wet-sieTing, and eTaporation was
accomplished in a temperature-controlled oven at · a maximum
of 150 degrees Fahrenheit.
The washed coarse fraction was mechanically sieved
using a Ro-Tap shaker.

The range in size of sediments of

each till was plotted on semi-logarithmic graph paper and
is shown with the text de•criptions below.
8

9
A Chittick deTice was used for carbonate analysis
following the method of Dreimanis (mimeographed description,
University of Western Ontario).

This involTed the applica-

tion of 20 ml of 20~ hydrochloric acid to 1.7 gm of prepared
silt and clay · sample.

The volume of released carbon-dioxide

was then noted and translated into percentages of calcite
and dolomite.

These percentages were subsequently plotted

(Figure 14).

Shaded areas show the range of Tariation for a

particular till.

PHYSIOGRAPHIC UNITS AND LANDFORMS
General Statement and Basis of Subdivision
Barnes County is in the Western Lake section of the
Central Lowland province of the Interior Plains major division (Fenneman, 1946 map and Figure 1 of this report).
This section is called the Western Young Drift section by
Fenneman in his 19)8 publication, but the distinguishing features and boundaries given are the same in each.

Fenneman

(1946 map legend) describes the section as a youthful gla~
ciated plain characterized b¥ moraines, lakes, and lacustrine
plains formed through the influence of young glacial drift.
Kresl (1964, p. 106) further cites characteristics of the
Drift Prairie district that lies west of the Lake Agassiz
Plain district in the Western Lake section.

The Drift Prairie

district is hilly to gently rolling and formed mostly of
ground moraine interrupted by end moraines and their associated outwash deposits.
The bedrock surface controls the regional slope and
altitude, but it forms the topographic surface only at widely
separated points.

With the exception that nearly all present

basins with centripetal drainage are dry or only swampy, the
general descriptions of both the section and district are
well typified by Barnes County.

10
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Index map showing location of the north half of
Barnes County. North Dakota.
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The north half of Barnes County is traTersed and
drained by the south-flowing Sheyenne River which is tributary to and enters the Red River near Fargo.

The construc-

tion of Baldhill Dam (Seo. 18, T. 141 N., R. 58 W.) in 1952
backed up the waters of the Sheyenne River for twenty-seven
miles to form Lake Ashtabula.

Baldhill Creek enters the

Sheyenne River in sec. 4, T. 142 N., R. S8

w.,

from the north-

west and constitutes the only named tributary as well as the
only other perennial stream in the northern half of Barnes
County.

Baldhill Creek is also the only stream that is

graded with respect to the Sheyenne.

Numerous intermittent

tributaries enter the Sheyenne at levels of terraces now
barely inundated by Lake Ashtabula waters.
There appears no valid reason for separating the
north half of Barnes County into physiographic units having
more than local significance.

Accordingly, the name Middle

Sheyenne River area is applied informally with the understanding that its boundaries are not defined.

Within this

area four subdivisions are proposed whose characteristics
are described.

Since these physiographic units -are based

upon genetic units that are not limited to Barnes County,
study in adjacent areas may extend their significance beyond
the county boundaries.

Names of subdivisions of the Middle

Sheyenne River area are assigned for ease of discussion in
this report.

These are listed below and described fully un-

der the subdiTision title (J'igure 2).

•

I

1)

1.

The Kensal Glacial Plain subdivision which em-

braces all of the mapped area west of the Sheyenne River and .
Baldhill Creek valleys.
2.

The Sheyenne River Valley subdivision which in-

cludes the Baldhill Creek valley at least as far north as
the Barnes-Griggs county boundary.

J.

The Glacial-Lake Plains subdivision which in-

cludes three separate areas of lacustrine silts.

These areas

are greater than three square miles and do not include present swampy basins that may hold water in wet seasons.

4.

The Luverne Ridge and Slope subdivision which em-

braces the long straight upland area that trends north-south
through the center of R.

S7 w., and the

eastward sloping

area that descends gradually from this ridge to the east edge ·
of the county.
With the exception of the Glacial-Lake Plains, each
of these subdivisions is mutually exclusive and sharply
bounded.

The Glacial-Lake Plains are not a single geogra-

phic unit but are grouped together by a common genetic relationship.

.

...

~

Figure 2.

Middle Sheyenne River!!:.!!,
The Kensal Glacial Plain
Location and Definition
The Kensal Glacial Plain includes the _area of Kensal
ground moraine and that portion of the inner slope of the
Kensal end moraine lying east of ~he Barnes-Stutsman county
boundary.

This subdivision extends east to the Sheyenne and

Baldhill Creek valleys.
The elevation of the plain is between 1,400 and 1,420
feet except where pre-Kensal drift influences the topography
causing an increase in both elevation and relief.

The area

from two to six miles wide along the west edge of the county

.

that rises to nearly 1,600 feet is the inner slope of the
Kensal end moraine.
This subdivision is the largest in the north half of
Barnes County and comprises half of the land described in
this report.

In addition to the glac·ial landforms, kames

and kettles, eskers, outwash plains, meltwater channels, and
lake plains also occur, and each of these is related to the
action of Kensal ice ,and meltwater.

Some parts of this sub-

division are interpreted as earlier drift that has been overridden by Kensal ice.

As a result, drumlinoidal hills and

areas of ground moraine have been formed whose topography is
determined by erosional modiCication of earlier pre-Kensal
glacial topography.

1,
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Glacial Landforms
End moraine and ground moraine are both distinguished
in the Kensal Glacial Plain subdivision (Plate 1), but the
boundary between them is admittedly arbitrary.

In this in-

stance the boundary was drawn where the low relief of the
plain is visibly increased by kettles on the inner slope of
the end moraine.
End moraine, Flint (1957, p. lJl) maintained, is
largely constructional and consists frequently of no more
than a thickening of a drift sheet.
Kensal moraine.

Such is the case of the

Distinct ridges are absent.

An increase in

slope and a greater depth of closed depressions characterize
the portion of Kensal end moraine in Barnes County as compared with ground moraine.

However, the crest of this mor-

.

aine is west of the Barnes-Stutsman county line, and these
generalizations apply only to the inner slope.

Both Lemke

and Colton (19j8) and Colton, Lemke, and Lindvall on the
Preliminary Glacial Map of North Dakota ( 196)) extended ,t he
Kensal end moraine southward to an eastward trending loop
beyond the area of this report where it merges with the Oakes
moraine in Ransom County.
Winters (196), p. 62) distinguished Kensal end moraine in Stutsman County from what he calls "subdued end moraine.11

The distinction attributes to subdued end moraine an

amount of relief that is intermediate between that of end
and ground moraine.

Though genetically related to end mor-

aine, Winter.a said areas of subdued end moraine lack morainal

17
topography.

No such distinction was made in Barnes County.

Thus, there is a difference 1:n the location of where
the inner edge of the Kensal end moraine crosses the BarnesStutsman boundary.

Winters (196J, pl. 1) indicated subdued

end moraine crossing the Barnes-Stutsman boundary into
T. 14J N., R. 61

w.,

north of the meltwater channel where

ground moraine is shown in Barnes County (Plate 1 of this
report).

Winters (196J, p. 62) admitted that some areas of

subdued end moraine resemble ground moraine.

It is there-

~ore believed that ground moraine is what actually exists
in the northwest corner of Barnes County and the •djaoent
area in Stutsman County.
Aerial photographs show a small area of washboard
moraines parallel to the strike of the Kensal end moraine
in sections 16, 17, 20, and 21 of

1•

142 N., R. 61 W.

Certain topographic promontories in the area of
Kensal ground moraine appeared incongruous both in the field
and on aerial photographs.

Closer inspection disclosed till

in these areas that was visibly different from the Kensal
till elsewhere on the surface.

Likewise, a regularity of

orientation of the high areas became apparent.

These hills

have been interpreted as a pre-Kensal glacial topography
that can only partly be reconstructed, but which is thinly
veneered by Kensal drift (seep. JJ ff).
Drainage of the eastern half of the Kensal Glacial
Plain is toward the Sheyenne and Baldhill Talleys.

Between

100 and 120 square miles of the area are undrained, but

"
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broad elongate depressions carry· moisture into irregularly
shaped depressions.
Within the area of ground moraine, oonce,n trations
of boulders exist in some place·s , but are completely absent
from the surface outside these areas of concentration.
Field observation elsewhere in the north half of Barnes
County has demonstrated that end moraines always exhibit a
much higher frequency of boulders on the surface.
cularly is this true of the outer slopes.

Parti-

Although it is

not possible to discern and plot topographic rises where
the boulders are concentrated in the area of ground moraine,
it is suspected that they represent fluctuations or brief
halts in the retreatal phase of the Kensal ice.
Glaciofluvial Landforms
Kames

~

Kettles.--A kame is a hill composed domi-

nantly of sand and gravel and formed by meltwater flowing
into openings in stagnant or melting glacial ice.

Kettles

are depressions formed in areas previously occupied by
masses of detached and therefore stagnant ice, and are said
to be the counterparts of kames (Flint, 19S7, p. 1S2).
More than fifteen kames are known in the southern
part of the Kensal Glacial Plai.n (Plate 1), and in this area
they are associated with a number of elongate basins which
are occasionally, or in some cases perennially, water-filled.
The kames are 200 to SOO feet across and JO to 50 feet high.
The associated basins display prominent ice-contact faces

..
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and are thus regarded, at least in part, as of kettle origin.
Kelly (oral communication,

u.s.

Geological Survey, Grand

Forks) has identified them in the area immediately to the
south as partly-filled meltwater channels.

In either case,

meltwater escaped toward the south or southwest indicating
that ice still blocked drainage into the Sheyenne.
Two other kames in thin locality (Seo. 8 and 17 of

T. 140 N., R. 58

w.)

and one near the north boundary of the

county (Sec. 11 and 14 of T. 14) N., R. 60

w.)

are discussed

with associated eskers (see below).
Eskers.--Bskers are serpentine ridges of gravel and
sand that are often associated with kames, and they are believed to mark channels in a decaying ice sheet.l

In the

north half of Barnes County, eskers are not randomly scattared but occur in groups.

In the , Kensal Glacial Plain sub-

division,groups of eskers occur in three looalitieas
1.

In T. 142 N., R. 59

w.,

midway between Rogers

and the Sheyenne Valley.
2.

In T. 140 N., across R. 59 and 60

w.,

in the

southern portion of the Kensal Glacial Plain in close association with the kames described above.

J.

In T. 14) N•• R. 60 and 61

w.,

east of the vil-

lage of Wimbledon.
Eskers in the first group named above are oriented
in a northeast-southwest direction in five nearly parallel
lnefinitions have been taken from Glossary .2,!, Geology
and Related Sciences, Washington, n. c.a The American
Geological I~stitute, 1957.
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lines.

The ridges are ten to twenty feet high and from one-

half to one mile long.

They are composed of clean sand.

A gradational relationship exists between kames and
the eskers of group two above. · It appears that kames mark
the initial site of glaciofluvial deposit\on, and eskers are
the downstream continuation of this sedimant.

In other

words, the kames mark the site of deposition where meltwater
descended from higher levels in the ice, and the eskers indicate directions of escape of meltwater.

Since eskers may

originate in tunnels in the ice, the route of escape of meltwater may likewise indicate directions of lower hydrostatic
pressur~,or crevasses, or both.

Charlesworth (1957, p. 428)

noted the possibility of eskers originating downstream from
a moulin especially where a subglacial obstruction had initiated crevasses in the ice.

Most,eskers of this second

group are oriented southwest, but the orientation here is
much more random than in the other groups listed above.
The third group of ridges consists of two sets of
eskers that begin about one and one-half miles from the north
boundary of the county.

An east-west interval of nearly five

miles separates the two sets from one another.

From the

northern ends, both sets of eskers converge southwestward
into an area of glaciofluvial sediment about one and onehalf miles square (Figure

J).

The converging ridge farthest west is nearly continuous and about four miles long.

It averages forty feet

high with some parts of the crest as much as eighty feet

/

Figure

J.

Aerial photograph of Wimbledon eskerine tract

T. 14J N•• R. 61 w.

/
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above the surrounding area.

At the northern extremity of

this ridge a valley extends almost straight north from the
end of the esker to a point beyond the Barnes-Griggs county
line where it becomes a tributary to Baldhill Creek.

An in-

termittent stream in this . valley flows north and northeast
into Baldhill Creek.

The eastern ridge is less continuous

than the other · and consists in part of two parallel eskers
closely spaced.

This ridge is larger in all dimensions than

its counterpart to the west.

It is at least six miles long

and may have an extension in another prominent esker at the
Barnes-Griggs county boundary about four miles to the northeast.

A nearly circular kame seventy-five feet high, and an

elongate depression that contains Lake Benson lie between
the northeast end of the nearly continuous line of eskers
and the separate one at the county . boundary.

The long dimen-

sion of Lake Benson and an associated tributary are nearly
parallel to the trend of the eskers.

A close enough co-

relation exists to postulate a long and fairly continuous
line of englacial and subglacial meltwater movement in this
region.
Sediment comprising these eskers is stratified and
varies from cobbles to fine sand.

The ~ertical change from

one size grade to another is sharp rather than gradational.
Crossbedding with foreset beds sloping northeast indicates
meltwater flow in that direction.

Since these eskers are

associated with Kensal ice, and since the Kensal ice advanced
from the east and northeast, meltvater apparently moved to-

/

2.'.3
ward rather than away from the ice mass.

An attempt to ex-

plain such a direction of' flow is made below.
In the zone where the two sets of eskers converge,
there is a group of variously oriented sand and gravel ridges. ·
These ridges enclose depressions that are shaped as angular
polygons.

They most closely resemble a group of crack or

interblock fillings in a zone of stagnant ice.

At the south-

west end of this group of ridges is a shallow irregularlyshaped .b ody of water, Mud Lake, that is doubtless a sizeable
kettle (Sec. 4, T. 142 N., R. 61

w.

and figure .'.3).

The deep

sharply defined meltwater channel that crosses the BarnesStutsman county boundary from section 7 of T. 142 N., R. 61

w.,

and which continues to Spiritwood Lake (Winters, 196.'.3, pl. 1)
has its source in this lake.

The route of the meltwater

channel is around the northwest en~ of an oval-shaped mound
of till (Seo. 4, T. 142 N., R. 61

w.)

that rises to a crest

140 feet above Mud Lake.
Origin of this tract of eskers and crack fillings is
problematic.

Neither aerial photographs nor topographic maps ·

show evidence of a re-entrant in the Kensal end moraine that
might have served to concentrate meltwater flow through this
region.
Dennis (1948, p. 12) interpreted this area as a kame
terrace flanking the till hill.

The area of his report was

too limited to allow mention of the two long converging eskers so it is not known how he would have explained them.
Careful study of the topography shows that the mound of till

..

,
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lies normal to the direction of meltwater flow rather than
parallel to it as the complement of stagnant ice blocks.
Thus no way is readily apparent whereby either ice or meltwater might have been impounded during terrace formation.
Above it was noted that crossbedding and intermittent stream valleys associated with the eskers indicate that
flow was for a time toward the northeast into Griggs County.
Equally clear is the evidence provided by the large meltwater channel i 'n section 7 of T. 142 N., R. 61

w.,

that

drainage in some stage of .ice wastage was to the southwest.
The occurrence of the eskerine tract and the associated features described above is attributed to the action
of Kensal ice and meltwater.

But Kensal ice overrode an

earlier moraine tha~ paralleled the eskers on the southeast
(see · below on Drumlinoid Hills) • . The effect of this older
moraine on Kensal ice was to thin the ice significantly as
compared with adjacent areas.

Thus, when melting and reces-

sion ultimately began, crevasses, and possibly tunnels,
. formed readily in the thinned zone, and these concentrated
the :flow of meltwater northwest of the old moraine.
became the zone o:f esker formation.

This

Southeast of the over-

ridden moraine, meltwater dispersed readily over the old
outwash deposits (Plate 1).

The important consideration is

that meltwater in the zone of esker formation was forced by
the old moraine to escape either to the northeast or southwest.

Apparently both directions were followed at different

stages of recession.

..
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When flow was toward the southwest, meltwater encountered a zone of detached stagnant ice, and at this time
cracks between blocks of ice were filled, or partly filled,
with deposits of glaciofluvial ·sediment.

In this inter-

pretation, the mound of till in section 4 of T. 142 N.,
R. 61

w.,

mentioned above, and the small area of associated

outwash to the southwest of the railroad (Sec. 4 and 5,
T. 142 N., R. 61

w.)

may also be of pre-Kensal age.

Outwash Plains.--Since the Kensal Glacial Plain subdivision as defined in this report embraces only ground moraine and the inner slope of the Kensal end moraine, there is
no outwash plain associated with Kensal ice in Barnes County.
Kensal outwash occurs farther west in Stutsman County
(Winters, 196), pl. 1).
The outwash that is mapped, in this subdivision occurs as sediment that is buried by shallow thicknesses of
Kensal till.

Trending diagonally across sections 4, 5, 7,

and 8 of T. 14) N., R. 61
6 of T. 14) N., R. 60

w.,

w.,

and also across sections Sand

into sections 1, 10, 11, 12, 1S,

and 16 of T. 14) N., R. 61

w.,

are narrow elongate deposits

of outwash that were recognized by geomorphic means but proven by augering.

These were first recognized on aerial

photographs as topographically low areas that were parallel
to one another and to the drumlinoid hills interpreted as
overridden moraine (p. )2).

Field examination disclosed

stratified sand and gravel beneath three to eight feet of
glacial till.

Because of their orientation at right angles

.,

t
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to the inner slope of the Kensal end moraine, it is believed
these deposits are not Ke nsal outwash, but are associated
with the retreat of pre-Kensal ice discussed below (p. )2).
Stratified sand and gravel is recognized at the surface (Sec. 12, 1), 2), 24, 26, and 27 of T. 14) N., R. 60

w.,

Sec. ), 4, 9, T. 142 N., R. 60 W., and Sec. 12, T. 142 N.,
R. 61

w.)

to the southeast of the drumlinoidal hills dis-

cussed below, and this outwash sediment aided in recognition
of these hills as the line of an overridden moraine.

Ear-

lier ice moved into Barnes County from the northwest at
nearly right angles to the line of the advance of Kensal ice. ·
Possible corelation of this pre-Kensal ice is discussed in
the section on Buchanan drift.

w.,

In sections 27, J2, )), and J4 of T. 14) N., R. 60
and sections 4 and 5 of T. 142

N., . R.

60

w.,

a portion of

the old outwash is covered by stratified silts and clays believed to be lacustrine.

This area is characterized by cen-

tripetal drainage at the present time and has been observed
to be inundated at intervals during a rainy season.

The

lake deposits are generally less than two feet thick and are
presently in the process of accumulation.
Sand and gravel in the channels discussed more fully
in the following section constitute the only exception to
age assignments made above.

In these channels large pits

have been opened in sections 10 and 11 of T. 141 N., R. 59
(Figure 4).

w.

Though glaciofluvial sediments in these pits

measure nearly seventy feet thick, they could not be traced

I
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Photograph ot ••nd and graTel in channel• ot
miniature ••oabland.• 8 U f Sec. 10, T. 141 I.,
a • .S9 w.
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in either upstream or downstream directions.

There is a

layer of till one to three feet thick lying on these deposits, so it is possible sand and gravel exist beneath surface till in the upstream portion of these channels.
The sediments are well sorted and consist of sand
and pebbles smaller than two inches in diameter.
cobble-size material is present.

Very little

In the section that fol-

lows, these features are interpreted as Kensal in age, and
their possible mode of origin is discussed.
Meltwater Channels.--A dendritic pattern of meltwater channels trending southeast from the Ticinity of
Rogers to the Sheyenne Valley appears on the aerial photos
as a miniature type of scablands topography (Figure

S).

Pierre Shale, outwash, and an old till elsewhere named the
Sheyenne Valley Formation (seep. JO), each covered by a
veneer of glacial drift, are all out by tributaries of this
group of channels.
T. 142 N., R.

S9 w.,

The artificial lake in section 32 of
lies in the upper portion of the main

channel of this group.

This channel is between sixty and

eighty feet deep immediately below the dam.

Channels deepen

to 140 and 180 feet near their junction with the Sheyenne
Valley.
A source of water in volume sufficient to out these
channels is not immediately apparent.

However, several as-

pects of the topography and subsurface data suggest that the
wasting Kensal ice existed in significant volume and melted
in such a way as to modify much of T. 141 and 142 N.,

..

Aerial photograph o~ miniature "scablands"

topography

T. 141 N., R. S9

w•.

'

.
I '

JO
R. S9

w.

Evidences for such modifications are~
1.

R. S9

w.

About fifty sections in T. 141 and 142 N.,

are devoid of hummocky glacial topography and dis-

play unusually flat surfaces that have a scoured appearance.
2.

A straight and sharp line can ~e drawn southwest

from the big "u"-shaped bend of Baldhill Creek valley that
separates the sections noted above from typically hummocky
glacial topography.

The area lacking in glacial topography

is southeast of this line, but glacial terrain extends northeast to and beyond the village of Dazey.

J.

In the hummocky area, midway between Dazey and

Rogers, test drilling penetrated layers of sand and gravel
alternating with till.

This condition extends east to Bald-

.

hill Valley where layers of sand and gravel seven to fifteen
feet thick are interbedded with comparable thicknesses of
till.

Two or three privately owned gravel pits have been

opened in surface layers (Sec. 20 and 21 of T. 142 N.,
R. S9

w.)

though no continuous lateral extension or connec-

tion with k~own outwash plains has been demonstrated.

4.

Across the area devoid of hummocky topography,

seven or eight eskers trend southwest (Group 1, p. 19) at
right angles to the trend of the meltwater channels.
One way of accounting for the features described
above is that they were formed during early stages of the
advance of Kensal ice and were not subsequently destroyed
as more ice moved over the area.

Favoring this is the fact

that meltwater may be impounded during temporary intervals

Jl
of ablation even as the overall ice front continues to advance.
This idea has not been favored because of the sharpness of the boundary dividing the true glacial topography
from that which seems to have a scoured appearance.

The

glaciofluvial sediment would be expected to have been solid-

ly frozen if preserved through subsequent advance.

Also,

the volume of gravel in the meltwater channels is large;
a working face of more than sixty feet was measured in section 10 of T. 141 N., R. S9

w.

Such a quantity of gravel

seems incongruous with advancing ice.
The view favored here is that these deposits and the
variation in topography is closely associated with the late
stage of Kensal glaciation.

This may have been

11

dead ice"

or nearly stagnant ice that in Kid4er and Stutsman counties,
North Dakota produced comparable interbedded sediments
(Laird, oral communication,) or final melting of the ice
may have been interrupted by brief intervals of readvance.
In either case, field evidence indicates that meltwater was
channeled toward the southeast in the large gravel-filled
channels.

This must have included water from the entire

area not characterized by glacial topog.r aphy as well as the
water that built the eskers in the eastern part of T. 142 N.,

R. 59 W.

,
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Glacially Modified Landforms
Glacially modified landforms in the K~nsal Glacial
Plain subdivision are of two typesa

(1) A pre-Kensal end

moraine reshaped into drumlinoid hill·s ;

(2) pre-Kensal till

and outwash both thinly mantled by Kensal drift (seep.))
for location and desc~iption).

The latter are recognized

by greater relief and topographic expression that differ
from the rest of the Kensal Glacial Plain.
Drumlinoid Hills.--A series of oval hills with long
axes essentially parallel a'nd trending generally N. 4·.5° E.
extend southwest from the vicinity of Lake Benson toward a
point about midway between Leal and Wimbledon (T. 14) N.,
R. 60

w.

and Plate 1).

Heights vary between twenty-five and

fifty feet above the surrounding terrain, and most are 1000
feet long at the base, although thpy vary from 500 to )000
feet.

Slopes on the northeast ends of these hills are steep,

but many display streamlined terminations toward the southwest.

These hills are interpreted as a pre-Kensal end mor-

·aine overridden and reshaped by Kensal ice.

Evidence for

this interpretation is threefolda
1.

Long axes are parallel to the direction of Kensal

ice movement (Plate 1).
2.

Pre-Kensal outwash is exposed and is evidenced

by test borings immediately in front of, or what would be

the southeast side of the presumed edge of the older moraine.
).

Eastward extension of the Buchanan end moraine

mapped by Winters (196J, pl. 1) in Stutsman County coincides

))
with the proposed moraine in Barnes County.

The Buchanan

is older and is truncated by the Kensal end moraine in
Stutsman County (Winters, 196), p. 56).
Where Aronow (1959, p. 202) was unable to cite conditions of the surface to explain the drumlins and other
s~reamlined features in the De~ils Lake region, these in
Barnes County would seem to have ' been produced as the ice
was forced over and around a topographic high consisting of
earlier till.

The difference in composition of this earlier

till when compared with that of the Kensal ice (p. 79 and
Figure 14) leaves little doubt that drumlin formation by
erosion was the case here.

No evidence has been found for

high inliers of bedrock around which till might have been
deposited.

If these had been molded of Kensal till, their

composition would be expected to c~mpare closely with that
of other Kensal drift in the area.
Thinly Masked Pre-Kensal Drift.--Extending straight
south from the village of Leal is a hummocky ridge from onehalf to one mile wide that is twenty-five to fifty feet
higher than the land on either side of it.

Somewhat greater

relief and surface irregularity are visible on this ridge.
A second discontinuous and more sinuous high area trends
roughly north-south across T. 141 N., R. 60

w.

The difference

in the topography of these areas compared with that of the
surrounding terrain is subtle, yet wherever they are examined
two differences in the lithology of the till are evident.
First, the ridges are surfaced by numerous cobbles

·'
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and boulders, generally of dolomite, that are not visible
on the surrounding areas.

Secondly, there is an abundance

of till that has a definite pink color as contrasted with
the buff Kensal till with which· it is associated.

This

till that appears pink in field exposures is grayish orange
on the Munsell color chart.

It occurs as irregularly shaped

inclusions imbedded in the buff till matrix.

These are dis-

cussed on page 67 of this report •
. Test drilling (Plate)) removes the possibility that
these are surface expressions of bedrock high~.

It would ap-

pear that they represent stillstands of the retreating
Kensal ice, or they are topographic highs left by earlier
glaciers overridden and but slightly modified by Kensal ice.
Though these ridges roughly parallel the inner edge
of the Kensal end moraine, and tho~gh outwash occurs in
broad channel deposits to the west of the ridges, it is difficult to reconcile their contrasting lithology with a stillstand of Kensal ice.
The Sheyenne River Valley
Location and Definition
The Sheyenne River Valley subdivision embraces those

,
segments of the Sheyenne River and Baldhill Creek valleys
that cross the north half of Barnes County.

In the Sheyenne

River Valley, nearly seventeen miles of Lake Ashtabula lie
south of the Barnes-Griggs county line, and in Barnes County
the average width of the lake is one-half mile.

/

Downstream

J.$

from the dam, nearly fourteen miles more of the Sheyenne
river are in the north half of the county.
Just below the dam, the •depth of the Sheyenne River
Valley is 180 to 190 feet below - the upland surface on the
west bank, but 240 feet from the upland surface along the
east side.

The present floodplain is one-half to three-

ourths of a mile wide except i .n the vicinity of Valley City
where it widens perceptibly (seep.

J7).

The Sheyenne River

below the dam in the area of this report is a sluggish,
broadly meandering, underfit stream.
North of where the Cooperstown moraine crosses the
valley (Sec. 26 and )5 of T. 14) N., R. 58 W.), Lake Ashtabula lies in a valley cut in glacial till, though bedrock is
known to occur at shallow depths near the village of Sibley
(Sec. 12, T. 14) N., R. 58

w.).

a,tween the Cooperstown

moraine and the dam, the valley is predominantly in bedrock
cut in the Pierre Shale of Cretaceous age.

Below the dam,

the east wall of the valley displays numerous exposures of
the Sheyenne Valley Formation defined and described on page

70 of this report.
Baldhill Creek forms the only major tributary to the
Sheyenne in northern Barnes County, and fifteen miles of
this tributary lie inside the county boundary.

Lake Ashta-

bula water has inundated Baldhill Valley from its junction
with the Sheyenne River for about

2f

miles upstream.

At the

confluence of the two streams in section 4 of T. 142 N.,
R. 58
high.

w.,

the walls of Baldhill Valley are 160 to 170 feet

J6

'

The pattern of Baldhill Creek is anomalous in sections 19 and JO

f T. 14J N., R.

SB w.

It veers sharply to

the southwest rather than continuing southeast to the Sheyenne.

No reason is immediately apparent to explain this

shift since the stream is marginal to the Cooperstown moraine where it enters Barnes County and for nearly ten miles
across the southern part of Griggs County.

Subsurface in-

formation suggests a possible explanation.
A test hole in section land another in section 11
of T. 142 N., R. S9

w.

(Plates J and 4) , each indicate bed-

rock at forty feet below the present surface elevation of
1,410 to 1,420 feet.

These locations are on opposite sides

of Baldhill Valley at the "U 11 -shaped bend.

7f

The Dazey NE,

minute quadrangle shows the valley to be lJO to 1SO feet

deep at this location, but it is ~nown that the Pierre Shale
does not crop out more than thirty feet above the creek.
Thus, the top of the shale is at an elevation of l,J70 to
1,J80 feat at each of the test holes but only l,JOO to l,JlO
feet in the valley.

~oreover, since both the Sheyenne Val-

ley Formation and Kensal till are exposed top~graphically
below l,J70 feet, it is apparent that the present erosion
cycle is not responsible for the relief of the bedrock surface.
Another test hole (2,098) in section 21 of T. 14J N.,
R. S8

w.

(Plate J) shows the top of the shale at fifteen

feet beneath the present surface elevation of l,J90 feet.
This, too, places the elevation of the top of the bedrock

/
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at 1,)75 feet.

Since test holes 2,086 and 2,098 are less

than two miles on either side of the expected path of Baldhill Creek, it is reasonable to assume that the actual channel followed a pre-glacial bedrock valley or at least was
diverted to the southwest by a bedrock high.
Widened Valley at .Valley City
The character of the Sheyenne River valley changes
in the vicinity of Valley City in several respectss
1.

It broadens to a width of nearly a mile whereas

both above ana below the city its average width is less than
one-half mile.
2.

Bedrock is exposed far up its walls in sections

9 and 10 of T. 140 N., R. 58

w••

and from this vicinity

along the southeast valley wall through the city.

J.

There is a sharp deflection of the channel to-

ward the southwest for an interval of about three miles
through Valley City followed by an equally sharp turn back
toward the southeast (Figure 6).

Though the entire course

of the Sheyenne Valley curves broadly across the north half
of Barnes County, there is no other comparable shift in the
pattern of this valley.

This change of trend compares most

closely with that of the course of Baldhill Creek discussed
above.

4.

The city route of Interstate 52 and the Soo Line

Railroad follow a short but deep tributary to the present
valley across the southern part of section 2) into section
26 of T. 140 N., R. 58

w.,

that closely approximates the ex-
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- - - - - Edge of Shey e nne River Valley
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Location of n umbered test holes
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Figure 6.

T.

140

Edge of glacial lake deposit

Generalized map of wide sector of Sheyenne River
valley in vicinity of Valley City.

N.

J9
pected trend of the Sheyenne Valley.

This short sector ter-

minates in the lake plain in section 2S of the same township
(Plate 1), and cannot be disce~ned in the present topography
farther southeast.

But rather · than following the trend of

this tributary, the main valley of the Sheyenne makes a 90°
turn to the southwest noted in number three above.

S.

Southwest from the West Valley City interchange

in section JO of T. 140 N., R. S8

w.,

a channel fifty to

seventy feet deep and about one-half mile wide continues
more than three miles in close alignment with the southwest
deflection of the Sheyenne mentioned above.

Three small

kames and an associated esker are contained in this channel.
In the segment of the valley that has been diverted
toward the southeast, test holes (1 SP through S SP, Figure

6) indicate consistent depths of s~xty-five to seventy feet
to bedrock below the valley floor with clay as the dominant
fill material.

From four to twenty-one feet of gravel be-

neath the clay resting on the Pierre Shale are recorded in
the logs.

The top of the Pierre recorded in test holes 1 SP

to S SP varies between 1,149 and l,1S8 feet.

In contrast,

the clay is missing and only eighteen feet of gravel separate
the top of the shale from the surface of the valley floor in
the northeast part of section 21, T. 140 N., R. S8
Figure 6).

w.

(2,1SS,

At this location the top of the bedrock is at

1,264 feet, or about 115 feet higher than the group of borings (1 SP to S SP) only three-quarters of a mile away.

Fur-

thermore, the bedrock crops out at about 1,JOO feet along the
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southeast valley wall (Sec. 27 and 28, T. 140 N., R. S8

w.)

thus indicating that the bedrock surface rises again on the
southeast side of the Sheyenne Valley expressing relief of
over 1SO feet.
No subsurface data are available for the channel extensions cited in (4) and (S) above, nor for the main channel of the Sheyenne beyond the southwestward diversion.

A

test hole at the southeast corner of section ) j of T. 140 N.,

R. 59

w.

(Plate)) on the upland west of the southwest chan-

nel extension locates the Pierre at 1,)00 feet or 1SO feet
below the surface.

It can only be surmised that the surface

of the bedrock drops off to a lower elevation beneath the
present tributary valley.
Several conclusions seem justified based on topographic and subsurface data:
1.

A buried bedrock valley beneath the present

Sheyenne Valley exists in sections 21 and 22 of T. 140 N.,
R. 58

w.,

that is at least one hundred feet deep.

This con-

stitutes the widest part of the Sheyenne Valley in the north
half of Barnes County, and the existence of the buried bedrock valley may explain not only the width, but also the
sharp change in direction through Valley City.
2.

The southward projection of this buried valley

is unknown but could continue beneath the abandoned channel
toward the southwest or beneath the present Sheyenne River.
Further test drilling in sections JO and )1 of T. 140 N.,
R. 58

w.,

section )6 of T. 140 N., R.

59

w.,

and sections

..
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1 and 2 of T. 1J9 N., R. 59

J.

w.,

is recommended.

The bedrock valley was filled with Kensal or

earlier till.

Each log (1 SP through S SP) lists quantities

of greenish gray till which occur only in logs from this
part of Barnes County.

This may be the till named herein

the Sheyenne Valley Formation (p. 70).

This likelihood is

increased by the extensive exposures of the Sheyenne Valley
Formation along the lower walls of the valley a short distance north of Valley City (Plate 1).

4.

At some stage of Kensal (or earlier) ice retreat,

the present Sheyenne Valley south of Valley City was dammed
by ice or till sufficiently to force meltwater through the
abandoned

southwestward channel.

The extent and exact time

of this diversion is unknown, but a late Kensal stage is favored because it is not likely that the kame or the sharp
boundaries of the channel would have been preserved beneath
advancing Kensal ice.
T. 140 N., R. S8

w.,

Test drilling in the valley (Sec. Jl,
and Sec. 36, T. 140 N., R. 59

w.) would

define the bedrock elevation, would prove or disprove the
presence of buried glaciofluvial sediments, and might give
evidence of multiple tills, if present.

S.

Because of the relief on the surface of the bed-

rock (Sec. 27 and 28, T. 140 N., R. S8

w.), because the trend

of a steep bedrock valley wall nearly parallels the direction
of ice movement, and because these are located near the terminus of the Kensal ice rather than in its zone of accumulation, it is possible that ice was diverted into the bedrock
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channel.

At least it i s known that the bedrock high in sec-

tion 27 and the northwe st quarter of section 26, T. 140 N.,
R. 58
till.

w.,

was left without a significant accumulation of

If such diversion did occur, it may help to explain

the limited width of the Kensal end moraine in the south
half of Barnes County (Colton, Lemke, and Lindvall, 196),
Glacial Map of North Dakota) that is in contrast to its
massive proportions in t he north half of Barnes and in
Stutsman County (Plate 1 and Winters, 196), pl. 1).

6. Though not disce r nible as an end moraine, there was
probably a temporary ha l t in the retreat of the Kensal ice
just east of the bedroc k high (No. 5 above) with significant
deposition of outwash o n top of the Pierre Shale (Plate 1).
Late Wisconsinan Terrac e s

.

In this report, terraces are defined as the remnants
of former floodplains a t higher elevations than the ·present
floodplain.

Such terra c es along the Sheyenne River Valley

subdivision are notewor t hy.

In the northernmost township of

the county, at least thr ee and possibly four terrace surfaces are still visible on the west side of the valley above
the level of Lake Ashta b ula.

A shallow zone in the lake two

hundred to three hundre d feet wide along the western side ·
suggests another terrace beneath the water level (Figure

7).

Two terraces ar e less than fifty feet above the lake
level, and cobble-size fragments comprise the dominant sediment of the higher of the two.

Small pits in the vicinity

of Baldhill State Game Refuge (N.

f

Seo. 12, T. 14) N.,

Luverne
drift

Cooperstown drift

. ... . . . . . . . . . . .......... .

w

..

Pierre Shale
Terrace at lJOO ~ ..
Terrace at 1280 - 1290 ·~.
I
...... . •
Mean lake le;°el--:-7.~- Te rrace a t 1255 - 1265'_...;....,, ..
Base of dam - - - ~ L - - 1 2 4 0 1

i.J°i'o•-~

.........
Pierre
Shale

E

~
\.)

Figure

7. Generalized section of Sheyenne River terraces in the
vicinity of Sib~ey, North Dakota
...

44
R. S8

w.)

have been opened in both terraces.

Another pit

is in the lower terrace less than a mile southwest of Sibley
(Sec. lJ, T. 14J N., R. 58

w.).

It is believed that both

these terraces consist of alluvial sediment resting directly
on Pierre Shale bedrock.

The village of Sibley secures its

water from wells that are less than fifteen feet deep and
penetrate a static water level that is higher than the lake
level.

Shale is exposed a short distance to the west at ele-

vations that are equal to or higher than the tops of the terraces.

Apparently a saturated zone exists in the gravels on

top of the impermeable Pierre Shale.
One, or possibly two, high terraces are discerned
with difficulty at the level of the till plain in section 11,

T. 14J N., R. S8

w.,

nearly lf miles west of the lake.

Evi-

dence consists of stratified sand ~nd gravel bounded on the
west by an indistinct north-south line.
Just below Baldhill Dam, one very prominent terrace
is displayed that, if projected upstream, would certainly be
inundated by the waters of Lake Ashtabula.

This most closely

corresponds to the level ·beneath three to four feet of water
in the vicinity of Sibley.
Terraces in the vicinity of Valley City are at three
le~els.

Two are less than fifty feet above the present

floodplain, and the third is nearly 1SO feet above the river.
All are exploited commercially for their sand and gravel content, and their original character is quite distorted.

Taole : i presents a summary of terrace formation in

/

Altitude of'
terrace

Location
(quadrangle)

Action in
Sheyenne Valley

Position of'
ice front

Source of'
information

1.510 1

Flora

Retreating to
North Viking

Aggrading

Branch, 1947

1480 1 (#1)

Oberon

Retreating to
North Viking

Aggrading

Tetrick, 1949

Tokio

Retreating to
North Viking

Aggrading

Easker, 1949

Oberon

Aggrading--drainage
Diversion of
L. Souris water to L.Agassiz indic.
by 800 sq.mi.
:from James to
Sheyenne delta
Sheyenne--its
greatest magnitude

1480-1.520•
(av. 1,500 I

)

1460 1 (#2)

'

Tetrick, 1949

.

~

Below 1.510

1

At about North
Girard
Viking
spillway (1.510 1 )

.

Lemke, 1·9.58,
p • 90

Incising--drainage
to Lake Agassiz

1~70 1

Crows Hill
Coulee

At North
Viking

14.59'

Big Stony
spillway

Incising (?),overflow Aronow, 1957
Late glacial,
ice north of north
:fr.Devil to Stump,
shore of Devils Lake then to Sheyenne

144.5 1

Jerusalem
spillway
Table 1.

Incising--i.e. Sheyenne
erode thru Heimdal,
Tetrick, 1949
drain ponded water,
carry N.Viking meltwater

I

.I

Neither--little flow

Aronow, 19.57

Summary of terrace data in upper Sheyenne River Valley

""

...

•
46

the upper part of the Sheyenne River Valley ninety to one
hundred miles upstream from Barnes County.

In the Flora

quadrangle, Branch (1947), and i~ the Tokio quadrangle,
Easker (1949), reported. one sharply defined terrace above
the present floodplain of the Sheyenne River.

The elevation

of this terrace is represente~ at an average of 1,500 feet.
Tetrick (1949), working in the Oberon quadrangle between the
other two quadrangles, cited two discernible terraces in the
. Sheyenne Valley.

He indicated that both terrace levels were

visible on each side of the valley indicating formation in
stages rather than a gradual decline in base level (1949,
p. 25).

It is not known why two levels were not found in

the adjacent quadrangles, but in each instance terrace formation is associated with heavily overloaded meltwater and
consequent aggradation of the Shey~nne Valley.

Tetrick

(1949) associated his lower, or second, terrace with diversion of water from the James to the Sheyenne River and indicated eight hundred square miles of the Sheyenne Delta in
glacial Lake Agassiz are associated with this lower valley
fill.

From this, it is assumed that valley fill in the

north half of Barnes County might be correlative with that
farther north.
By extrapolation from average elevations of the present lake surface, terraces in the north tier of townships
in Barnes County are at 1,JOO to 1,JlO feet, 1,280 to 1,290
feet, and 1,255 to 1,265 feet.

No figure is offered for the

terrace remnants of doubtful nature

lf

miles west of the

-

.

'
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valley because of their local and fragmentary exposure.

If

the two higher terraces along the valley were correlated
with those upstream, there would be an estimated gradient
of 1.75 to 2.0 feet per mile for the surfaces of each.

The

gradient of the present floodplain from the east boundary
of the Oberon quadrangle to the base of Baldhill Dam is approximately two feet per mile.
The lowest terrace, now inundated by Lake Ashtabula,
would not by this interpretation, be correlated with any
terrace as far north as the two higher terraces.

Rather,

it would be expected to be traceable to the outwash deposits
from the Luverne moraine in eastern Griggs County (Colton,
Lemke, and Lindvall, 1963) since these spill over the east
wall of the Sheyenne Valley.

Also by this interpretation, no

correlative is known for the terraqe remnants more than a
mile west of the valley.

It is possible these represent a

'broad shallow channel deposit formed as a tributary to some
early stage of the Sheyenne River.
Table 1 also shows elevations of thr~sholds of drainage from Lake Souris and Devils Lake.

These represent inter-

vals of dissection in the Sheyenne Valley and account, in
part, for its present cross section and relief.
In Barnes County the terraces all post-date Kensal
and Cooperstown ice.

But the two higher terraces close to

the river are visible only on the west side of the valley.
On the east side, till is cut by deep narrow valleys, now
carrying only intermittent streams that are graded with re-

...
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spect to the lowest terra ce.

If it were not for the exist~

ence of Lake Ashtabula, t hese would appear to be "hanging"
tributaries.

Therefore it ' is very likely that Luverne ice

deposited till and -0utwash on remnants of the higher terraces and Luverne meltwater at one stage aided in forming
the lowest terrace, while at a later time, Luverne meltwater
from farther east cut the narrow tributary valleys.

Thus

only the lowest terrace post-dates the maximum advance of
Luverne ice.
Slumping
At certain localities along the Sheyenne and Baldhill valleys, masses of surficial sediment and portions of
the underlying bedrock have loosened and slumped into the
lower part of the valley (Sec. J4, T. 14J N., R. S8
Sec. 4, 5, and 9 of T. 142 N., R.

.
58

w.).

w.,

Recognition of

this phenomenon is difficult where vegetation has grown over
the slope, but on the south side of Baldhill Valley in sections · of T. 142 N., R. S8 "·• toreva-blocks of Pierre Shale
are visible.

Artificially induced slumping of the same bed-

rock is visible at the road intersection at the northwest
corner of section 10 of T. 140 N., R. 58

w.

Road construc-

tion resulted in excessive steepening of the slope.

From

ten to fifteen feet of glacial till on top of Pierre Shale
have been shifted downhill as a series of normal faults with
open space remaining between fault planes.

•

.

.

The Luverne Ri d ge and Slope Subdivision
Location and Definition
Basically, the Luverne Ridge and Slope subdivision
embraces the portion of t he north half of Barnes County that
lies east of the Sheyenn e Valley.

Within this area the long

straight upland that tre nds north-south through the center
of R. 57

w.,

which is he r ein referred to as the Luverne end

moraine, is the most pr ominent feature.
The surface of the Luverne Ridge and Slope subdivision varies in elevatio n from l,SJO to approximately 1,250
feet.

The general slope is toward the east and several in-

termittent streams that leave the area at the Barnes-Cass
county boundary constitute the lowest elevations.
Glacial landforms consist of end and ground moraine.
There are significant outwash deposits associated with the
Luverne drift.

Only one area can be found, near the south-

east corner of the subdivision, where eskers occur.
Glacial Landforms

!22:.

Moraine.--southward for eight miles from the

Barnes-Griggs county line is an area from

lf

to 4 miles wide

that is unmistakably end moraine and is herein named the
Luverne end moraine.

This moraine is named for the village

of Luverne, which lies at the center of the end moraine,
just across the boundary in Griggs County.

49

On the west, a

..

•
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sharp distal slope descends to outwash plains.

The crest

line and the outer slope of the moraine are marked by numerous boulders to the extent that much of this land is usable
only as permanent pasture.
East of the crest, a long inner slope descends to
nearly flat but gently undulating ground moraine.

The proxi-

mal boundary of the Luverne end moraine is drawn arbitrarily
where the slope decreases perceptibly onto ground moraine.
Relief on both the end and ground moraine is significantly
less than that on Kensal moraine west of the river.

Closed

depressions, interpreted as kettles on the Kensal moraine,
are conspicuously absent from the Luverne till surface.

An

exception consists of two closed depressions (Sec. 16 and 21,
T. 143 N., R • .57 W.) essentially a mile long and a little
more than half as wide within the northern part of the end
moraine.

Each of these holds outwash sediments of unknown

thickness.
Near the center of T. 142 N., R. 57
ter of the Luverne end moraine changes.

w.,

the charac-

From this area

southward, the ridge dif f ers from the northern portion in
four respects:
height,

(2) there are no boulders to be seen anywhere along

the ridge,
till,

(1) It is narrower though of comparable

(J) pebbles are conspicuously absent from the

(4) there is only one very limited zone of outwash

(Sec. 8 and 17, T. 14l N., R • .57 W.) along the entire length
of the ridge.

In addition, there is a bifurcation south of

the cenier of T. 142 N., R • .57 W., that forms two separate

-

.
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ridges (Plate 1).

One of these is straight and continues

south in line with the wider portion of the Luverne moraine
described above.
R• .57

w.,

Test holes in section 1.5, T. 141 N.,

and section 20, T. 140 N., R • .57

w.,

indicate the

thickness of till is comparable to that in other parts of
the Luverne Ridge and Slope subdivision, and that no narrow
bedrock high forms this straight ridge (Plate J).

The other

ridge curves, convex toward the west, nearly parallel and
close to the Sheyenne Valley (Plate 1).

These ridges are

separated by the North Valley City lake plain (seep. 62
and ground moraine.
The curved ridge that borders the Sheyenne Valley
is an easily discerned end moraine.

It is composed of stony

till with boulders along its crest, but these are not as
abundant as in the northern sectioh of the Luverne end moraine discussed above.

There i .s a perceptible increase of

slope on its inner side, and outwash is found along the distal edge.

In places, till accumulated at the very edge of

the present valley wall, and much outwash was carried away
as the Sheyenne developed its channel.
To interpret the relationship of these moraines, it
should be noted also that the Cooperstown moraine, which enters Barnes County along the east and north bank of Baldhill
Creek valley, crosses the valley of the Sheyenne River in
R. S8

w.,

T. 143 N.

(Plate 1).

This moraine is separated

from the outer edge of the Luverne moraine by a narrow area
of Luverne outwash (Sec. Jl, T. 14J N., R. 57

w.).

.52
East of this location, no trace of the Cooperstown
moraine is visible.

Either the Cooperstown moraine was over-

ridden and destroyed as Luverne ice moved in from the east,
or the curved ridge close to the river represents the southward continuation of the Cooperstown moraine east of the
Sheyenne.

If the former interpretation is accepted, there

is a truncation of the Cooperstown moraine in section 36 of
T. 143 N., R • .58
i s indicated.

w.,

and some withdrawal of ice to the east

An unknown amount of Cooperstown till would

have been incorporated in the younger Luverne till.
On the other hand, if the curved moraine is a continuation of the Cooperstown, there is only a broad reentrant in the northeast part of T. 142 N., R. S8

w., and

the area of outwash in sections 10,11, 14, 1.5, 22, and 23
of T. 142 N., R • .58

w.,

is of Coop~rstown origin.

The cumulative curves show that size grades of
Cooperstown till are midway between those of the two segments of the Luverne moraine (Figure 16 and 17 ).

The two

tills are similar in appearance in the field so that mixing
cannot be visibly demonstrated.

The quantity of outwash in

front of the Cooperstown moraine west of the Sheyenne is
notably less than the amount in front of the curved ridge
or the northern part of the Luverne moraine (Plate , l).
These differences are not definitive.
Sufficient cause for the development of a re-entrant
in the Cooperstown moraine is not readily apparent.

Only a

slight rise in the surface of the bedrock is indicated by

-·
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the bedrock contour map in the area of the re-entrant
(Plate

J).

However, subsurface information is widely spaced

and lacking in detail.

Of possible significance is the ex-

posure of a number of hills of the Sheyenne Valley Formation
that project above the younger tills and lake sediments from
section 1, T. 142 N., R. 58

w.

southward.

These hills are

capped with a boulder pavement and represent the remnants of
an old till of unknown extent (seep. 71).

It is possible

that this old till existed in this area in quantities sufficient to constitute a barrier for the advancing Cooperstown ice, and therefore a re-entrant in the front was effectec.
That Luverne ice retreated with a series of stillstands is indicated by the group of nearly parallel intermittent stream valleys in the northeast corner of the county,
all of which hold outwash sediment~ and appear to have formed
as ice marginal streams.

Plate 1 shows tributaries to these

valleys entering from the southwest and none from the inner
sides.

No recessional moraines are visible along the north-

east sides . of these valleys, yet it is believed that ice
stood for very brief intervals along lines now marked by
these valleys.
R. 56

w.,

A single test hole in section 12, T. 142 N.,

(Plate 3) suggests a distinct eastward slope of

the bedrock surface beneath glacial till.

Conceivably, this

slope influenced even the glaciated surface sufficiently to
hold streams of meltwater close to the retreating front.

Glaciofluvial Landforms
Outwash.--Outwash in the Luverne Ridge and slope
subdivision occurs in four areas:
1.

A long, relatively narrow zone trending south-

w.,

southwest across the western part of T. 14J N., R. 57

in front of the broad massive portion of the Luverne moraine.

This area ~s characterized by much crossbedded silt

overlying poorly sorted sand and gravel.

Several exposures

show contact between the till and outwash, and where this
occurs, the outwash deposit is wedge-shaped with the thicker portion away from the Luverne morainic front and closer
to the Sheyenne Valley.
2.

A broad, relatively low area of complex outwash

sediments from both the Cooperstown and Luverne ice sheets

.

in the re-entrant of the Cooperstown moraine (seep.

SJ).

Part of this outwash is a continuation of number one above,
and unmistakably Luverne.

Other portions may contain sedi-

ment deposited by meltwater from each glacier.

Immediately

in front of the Cooperstown moraine in sections

JS

of T. 14J N., R. S8

w.,

and

J6

are two large depressions that

appear as kettles where masses of stagnant Cooperstown ice
remained to prevent deposition of either Cooperstown or
Luverne outwash.
A short esker lies in the area of Luverne outwash
(Sec. J6, T. 14J N., R. 58

w.)

that is assumed to be of

Luverne age since it is topographically one hundred feet

..
.5 .5
lower than an • eroded end of the crest of the Cooperstown
moraine.

If this age is correct, it would appear that suf-

ficient ice existed in front of the distal edge of the Luverne moraine to effect considerable erosion before or contemporary with deposition of Luverne outwash.

J.

A series of wedge-shaped deposits in front of

the curved ridge that is interpreted as part of the Cooperstown moraine (Seo. 8, 18, 19, ;O, ;l, T. 141 N., R. ,58 W.).
The outer edges of these outwash deposits are presently truncated by the upper part of the Sheyenne valley wall.

Melt-

water forming the outwash certainly flowed over the Sheyenne
Valley . Formation that is exposed at lower elevations.

Far-

ther south (Seo. Jl, T. 141 N., R. ,58 W., and Seo. 6,
T. 140 N., R • .58

w.)

this outwash is not continuous.

Some

may have been carried into the pr~-Luverne channel of the
Sheyenne, or deposition of outwash was concentrated in low
areas on the surface of the Sheyenne Valley Formation.

This

group of deposits is exploited extensively for road building
material.

4.

Long narrow deposits in shallow valleys of inter-

mittent streams in the northeast part of the county (seep •

.53 for interpretation).
and discontinuous.

Outwash in these valleys is thin

A separate but comparable deposit is

being commercially exploited in section J.5 of T. 140 N.,

R. .56 W.
Eskers.--In addition to the single small esker cited
above (p. ,54), a sinuous line of discontinuous eskers nearly

-.
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eight miles in length occurs across the western portion of
R• .56

w.,

in T. 140 and 1 42 N.

These askers trend north-

south and are nearly at right angles to the direction of ice
movement in this locality.

Widely scattered test holes

{Plate J) indicate an eastward slope of the underlying bedrock surface.

It is possible that stagnation of Luverne ice

occurred as it began to recede from this slope.

Meltwater

could not move away from the front nor could it flow under
the ice toward the east.

Subglacial and englacial flow in

a limited area was nearly parallel to the ice front.
The Glacial-Lake Plains Subdivision
Location and Definition
Three areas of significant size were inundated by
lake water sufficiently long to mo~ify the pre-lake surface
by deposition of one to twenty-fiwe feet of lacustrine silts.
These areas are designated the Camp Corning, Baldhill Creek,
and the North Valley City lake plains.

In addition to these

sizeable areas, lake silts are found at several isolated localities in very local situations.
The designation of the Glacial-Lake Plains subdivision is quite arbitrary.

Their separation or inclusion in .

other subdivisions is largely a matter of personal preference.

Yet, an assumed common genetic relationship is the

basic reason for the _ separation made here.
The North Valley City lake plain lies between 1,J90
and' 1,400 feet, the Baldhill Creek plain between 1,400 and

57
1,410 feet, and the Camp Corning plain also between 1,400
and 1,410 feet.
Camp Corning Lake Plain
Approximately twelve square miles in the north half
of T. 14J N., R. 58
plain.

w.,

constitute the Camp Corning lake

This is an area of Cooperstown ground moraine that

is thinly veneered with light gray lake silts.
lief is less than twenty feet.

Maximum re-

The south boundary of this

plain is coincident with the proximal boundary of the
Cooperstown end moraine.

At the west end of this subdivi-

sion, a well-defined, broad, shallow basin exists in sections
1 and 12 of T. 14J N., R. 59

w.,

that displays a line of ice-

rampart boulders along a distinct strand line (Figure 8).
It is believed that this basin has been inundated more recently than the rest of the subdivision since it is the lowost part of an area of centripetal drainage.
Drainage of the Camp Corning lake was through a bedrock valley, tributary to the Sheyenne River, across sections
15, 22, 23, and 26, T. 1 4 J N., R. 58 W.

No fossils have

been found in this area.
Baldhill Creek Lake Plai n
An area embracing only five square miles on both
sides of Baldhill Cree k v alley in T. 142 and 143 N., R. 58
constitutes the Baldhill Creek lake plain.

Relief on the

surface of this plain also is less than twenty feet, · but
silts are exposed on the slopes of Baldhill Valley to more

/

w.,

-

.

,a

figure 8.

Photograph ot lo• rampart boulder• along north
or broacl baatn that la inundated duJ"ing
vet ••••on• s .. t, Sec. 1, T. 143 11., a. 59 W,,.
edge

-

.
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than 100 feet below the level of the plain.

Both the north

and south-facing slopes along the boundary between sections
Sand 6 ~f T. 142 N., R• .58
Pierre Shale.

w.,

display silts lying on

Better exposures exist on the south-facing

slope though stratigraphic rela~ionships are more complex.
The upper portion consists of buff silt that is lacking in
visible stratification. Farther down into the valley, however, stratification is present and seems to reflect undisturbed beds.

This suggests that the silt was deposited as

it is now found rather than having slumped from above,
though slumping of the underlying Pierre Shale along the

banks of Baldhill Creek valley is evident in this locality.
The lowermost forty feet of the south-facing slope,
referred to ab-0ve, contains significant amounts of white
quartz sand above fine gravel.

The latter includes granules

of hematite of concretionary nature, and within the upper
two inches of the gravel is a dark-colored band that resembles a soil horizon.

Contacts between the sand, gravel,

and the overlying silt are sharp, but it is not possible to
discern the inclination of the contacts.
In both the silt and fine sand there are zones where
gray irregularly~shaped concretions are numerous (Figure 9).
These are composed of calcite with silt and clay included.
A nine-gram fragment yielded an insoluble residue of less
than one gram.
These concretions show the stratification of the enclosing beds; in addition, they are crossed by randomly

J

-

.
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figure 9.

Photograph ot oaloareou1 marlekor•type
ooncretiona round in lake depoalts 1n
Seo. 6. T. 142 N., R. $8 w.

• 4
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oriented joints filled with pure calcite.

The edges of

these thin fillings of calcite project above the general
surfaces of the concretions.

Calcified tubes that are open

in the center and are occasionally seen to bifurcate, resemble stems but no organic or carbonaceous residue is
visible.
There is close resemblance between these concretions
of Barnes County with the summary description of those referred to by Pettijohn (1957, p. 203) as asimatra stones or
marlekor.

Tarr (1935, p. 1520-21) states that concretions

of this type in the Champl ain Formation of the Connecticut
River valley are restricted to highly porous layers of
varved silts, and also that their formation probably was
penecontemporaneous with deposits laid down during exceptionally warm summer se as ons (Tarr, 1935, p. 1522).

He in-

dicates that the source of the dissolved calcium-carbonate
was concentrated in the epilimnion zone, and should the lake
have been so shallow as to have had only this zone, added
impetus to concretionary formation would thereby be added.
Seasonal warming of lake water, however slight,
would force carbon-dioxide out and produce calcium-carbonate
deposition.

The unusualness of such warming in a North

Dakota glacial lake might explain the concentration of . these
forms in a single zone.

Barnes County deposits are all suf-

ficiently silty to have enabled carbonate dissemination
thro·ughout the total thickness.
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A very local sequence of geologic events may be postulated at this exposure:

(1) On the surface of the eroded

Pierre bedrock, the white sand and fine hematitic gravel accumulated as an alluvial deposit in Baldhill Creek valley.
Slumping of Pierre Shale antedated or was contemporary with
this deposition.

(2) Near the surface of these sediments,

organic residues indicate incising or temporary drying of
the stream sufficient to enable subaerial plant growth.

(J) Following the retreat of both Kensal and Cooperstown
ice, water was impounded to enable deposition of lake silts.
The duration of inundation is unknown.

The exact time and

cause of impounding of lake water is discussed below.
North Valley City Lake Plain
The largest area of lake sediments is a twenty-eight
square mile area nearly all of which lies in T. 141 N.,
R. S8

w.

The west strandline is drawn at the proximal edge

of the curved segment of Cooperstown moraine east of the
river.

The east edge of the lake silts is separated from

the distal edge of the long straight ridge of Luverne moraine by nearly two miles of ground moraine.

Maximum thick-

ness of lake sediments is unknown, but exposures five to ten
feet thick are common.

Color of sediments here is gray to

black in contrast to the greater percentage of buff colors
farther north.
The surface upon which this plain was formed seems
to have been more irregular as evidenced by numerous topo-

6J
graphic highs of Sheyenne Valley till that project above the
lake sediments.

Each high is capped with a boulder pavement.

The average elevation of the North Valley City lake plain is
five to ten feet lower than elevations of the other two
plains, but close enough correlation exists to suggest a
common genetic relationship.
Origin
The exact location of the dam that impounded waters
to form the lake plains described in this section is conjectural at this time.

As indicated above, similar elevations

of the three major areas of lake sediments, their comparable
lithologies and overall di stribution suggest a common origin.
South along the Sheyenne Valley, small areas of lake
sediments are reported to about six miles north of the village of Kathryn (Sec. 14, T. 1J7 N., R. 58 W.).

One of

these small lake areas lies in the north half of Barnes
County in sections J5 and J6 of T. 140 N., R. 58

w.

(Plate 1).

At the location six mile s north of Kathryn, the Luverne end
moraine impinges on the Sheyenne Valley (Kelly, oral communication,

u. s.

Geolog i cal Survey, Grand Forks).

Thus it

would appear that Luvern e ice blocked the Sheyenne Valley
and impounded waters to elevations of 1,410 to 1,420 feet.
All terraces in t he Sheyenne Valley are post-Cooperstown and possibly the lowest terrace is associat~d with the
melting of Luverne ice , ( p .' 47).

Thus inundation of the val-

ley by impounded lake wa t er may have extended nearly seventy-

64
five miles north of Barne s County.

Search for remnants of

lake deposits in the She y e nne Valley across Griggs County
is recommended, but many of these deposits may have been
destroyed or masked by Luv erne meltwater and outwash.
In Barnes County, terraces indicate the floor of the
pre-Luverne Sheyenne Vall e y was between 1,280 and 1,290 feet.
Thus water may have been 1 40 feet deep in the valley, but
deposits remain only in a r eas protected from subsequent
erosion.

On the Kensal g l acial plain west of the river, the

absence of glacial lake d e posits is explained by the fact
that the Kensal surface i s generally higher than the 1,410
to 1,420 foot elevation of the lake deposits.

It would

seem that beyond the Shey e nne Valley, where lake deposits
occur, water was not deep, and a pattern comparable to
natural levee formation is responsible for the formation of
those· deposits.

PLEISTOCENE STRATIGRAPHY
Local~ Regional T ime-Stratigraphic Correlation
To date, only the Wisconsinan stage of the Pleistocene is known to exist i n North Dakota.

Sub-Wisconsinan

drift probably exists bu t exact age assignment is not yet
possible.

Further, subs t ages of the Wisconsinan Stage can-

not be defined because e xact ages of many tills are unknown,
and because there is dif f iculty in projecting substage boundaries from one studied a rea to another.

Climatic and topo-

graphic differences exis t in both time and space to the extent that little certain t y can be claimed for detailed correlation.

Only topograph ic continuity and radiocarbon dates

are presently usable in r egional correlation.

Also, there

is difference of opinion among groups of workers as to whose
chrono l ogy, and of what area, shall be chosen as the norm or
standard.
Morphostratigr aphic Terminology~
Only one of the f ormally named drifts described bel ow is a lithostratigraphic unit as defined by the American
Commission on Stratigraphic Nomenclature {1961,
4c, and 4e).

r t. 4, 4a,

Others of this report have been differentiated

by their topographic form, geographic position, and inferred
geologic history.

Stratigraphic subdivision of the surface
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drifts is desirable, howe v er, and for this purpose the morphostratig raphic unit of Frye artd Willman (1960, p. 7 - 8;
is the most useful.

A morphostratigraphic unit asap-

to glacial drifts t h roughout North Dakota, and as used
report, is a body of drift that is identified by its
form and position and consists of all the drift deby the glacial ic e and associated meltwater of a
given glacial stand (Clay t on, 1962, p.

~J).

Thus, a morpho-

stratigraphic unit include s the till of associated end morground moraina, a nd outwash sediment including washed
in the form of kame s , eskers, and crevasse fillings.
In this report the terms

11

drift 11 and

refer to the sedi ment, whereas

11

11

till 11 are

moraine 11 connotes

the landform that is compo sed of drift.
Inde term inate Stages
Genera l Statement
Two tills of indete rminate age occur in the north
Barnes County.

They underlie and are older than the

surface drift id en t i fied by morphostratigraphic
Comparisons with old tills of nearly regions have
been made, but precise a ge assignments are not warranted at
One indeterminant age till consists of inclusions

of sharply differing co lor than the matrix till in which
they are contained.

The other till of indeterminant age is

named the Sheyenne Valley Formation in this report.

I

Orange Till Inclusions
This discussion r efers to inclusions of till that
have a decided 1pin~1 colo r when seen in the field (seep. J4).
However, the Munsell col o r of this till is grayish orange,
lOYR 7/4, so the specifically defined color is used in this
description.
Exposures of inc l usions of orange till from two to
fourteen inches in diame t er occur frequently in buff Kensal
till.

To date, they ha ve not been found in Luverne till.

The boundaries between c o lors are sharp, and it is possible
to excava te these inclusions as separate masses and note
their irregular shapes.

In the outcrop they appear more

dense and less sandy than the enclosing till.

The Munsell

color of the enclosing ti ll is a little darker than grayish
yellow, 5Y 8/4, when dry .

Locations of groups of exposures

are tabulated below:
1.

In shallow r oad cuts along state route #1 north

of Rogers as well as al ong the road north from Valley City
in T. 141 N., R. 58 W.
2.

In shallow r oad cuts at the south edge of the

mapped area in sections 24, J4, and J5 of T. 140 N., R. 58 W.

J.

In cuts in a mile-wide area that extends north-

west from sec~ion 19, T. 140 N., R. S8

w.,

past the south

end of McDonald Lake to the correction line between T. 140
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and 141 N.

4.

On the topographic highs that are capped with

numerous boulders in T. 141 N., R. 60

w.

JJ).

(seep.

In all, nearly one hundred localities have been found
where these inclusions of contrasting till were observed in
the field.

Most extensive sampling was done in new outs in

the parking area of the Northern Pacific passenger depot at
the north edge of Valley City (SBf, Seo. 16, T. 140 N.,
R. 58

w.).

Figure 10 shows the pebble and coarse sand frac-

tion to be higher in the orange till than in the buff Kensal
till.

This was true of both the matrix material as well as

the till from Kensal end moraine farther west.

Table 2

shows the more striking contrast in carbonate content between the two tills.

Orange till
Calcite
extremes

15 - 25

1-

1st%

mean

Buff till

4t - 7t 1i
6

%

Dolomite
extremes
mean
Total Carbonate
Table 2.

JS - 45 1i
41 %
54 - 69
.

%

9t 11

1st %

%

14 - 24 'fo

Comparison of carbonate content of
orange till and buff Kensal matrix.
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Interpretation of the data described above suggests
that either two separate tills are involved or, the color
variation is a weatherin~ phenomenon not yet understood.

It

seems most logical to view these inclusions as till of unknown age derived from a source outside the mapped area.
Proof cannot yet be submitted~ but the likelihood of the .
boulder-capped hills representing a residual mass of · this
till is great.

In

favor of the interpretation of two tills,

apart from the field appearance, are variations in the size
grades and carbonate content cited above.
Against this view and ,favoring the weathering idea
is the diffi·oulty of assigning a source for the orange till
and of transporting it in sizeable masses without disruption
and mixing. It is unknown elsewhere in eastern North Dakota.
Sheyenne Valley Formation
Name and Definition
One drift in the north half of Barnes County merits
definition as a lithostratigraphic unit as defined by the
American Commission of Stratigraphic Nomenclature (1961,
Art. 4, 4a, 4c, and 4e).

It does not display · its own morpho-

stratigraphic forms; it can be recognized only by its lithologic character which distinguishes it from all other surface tills in Barnes County.
Sheyenne Valley Formation.

It is herein designated the
Though recognized at numerous

localities, it is most completely exposed along the east
side of the Sheyenne River valley (T. 140 and 141 N., R. 57

w.).
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Occurrence
Present exposures of the Sheyenne Valley Formation
are of two kinds,

(1) Along the dissected valley walls of

the Sheyenne River and Baldhil1 Creek, and (2) in a number
of hills that project above the surrounding buff till.
Where the Sheyenne Valley Formation constitutes the
present land surface, it inevitably projects above the surr~unding area and boulders cover the surface.

The irregular-

ly-shaped exposures of S~eyenne Valley drift in T. 142 N.,
R. S8

w.,

are all topographic highs.

At least two conclu-

sions seem warranted, first, there was an erosion interval
between the time of deposition of the two tills to enable
the winnowing of fine material and the formation of the boulder pavement.

Second, the resistant boulder pavement marks

the surface over which younger ice must have moved.

Since

no knowledge exists of the lateral extent of the Sheyenne
Valley till, there is likewise no detailed understanding of
the nature of the topographic surface formed by this material.
Lithology
The Sheyenne Valley Formation is a glacial till of
stony clay with about half of the sediment in the silt-clay
size grades (Figure 11).

Fine sand is more abundant than

granules or coarse sand though many fragments of shale larger than two millimeters remain unbroken.

Cumulative curves

show a rather close similarity between the size grades of
Sheyenne Valley drift and Kensal till.

This may indicate
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that Kensal ice incorporated much of the older till.

The

Sheyenne Valley till is notably more dense and difficult to
disaggregate than other tills in the north half of Barnes
County.

Pebble counts show that shale dominates, but lime-

stone and dolomite are less abundant than in other tills of
the area.

~uartz grains are present but there is a scarcity

of recognizable igneous rock fragments.

When dry, the till

is close to yellowish gray (5Y 7/2), and when wet, it is
moderate olive-brown (5Y 4/4) on the Munsell color chart.
The colors are each distinctly darker with a more grayish
appearance in the field than those of any other till studied
in this . area.
The distinctive characteristics of this drift in
field exposures are its dark color, jointing, and the boulder pavement that nearly always occurs on its upper surface.
The jointing is essentially vertical, widely spaced and
marked by the stains of iron and manganese oxides.

These

stains are abundant on the surface of pebble molds as well.
Thickness and Type Section
Along the walls of the Sheyenne Valley, both top
and bottom contacts are visible and thicknesses average
ninety-four feet.

Its thickness where it projects above

the surrounding surface away from the valley is unknown.
The section exposed in the south half of the southeast
quarter of Section 24 of T. 141 N., R. 59
designated the type section.
below:

w.,

has been

This exposure is described

r--- ~ - - - - -

Thickness
Upper tills
buff, sandy, faintly laminated
J

Boulders and cobbles:
tightly cemented, calcareous but
strongly stained with limonite

18 - 24 feet

f -

2

feet

Sheyenne Valley Formation, till,
stony clay, greenish gray with
many joint surfaces stained brown
to black, compact, coarsely jointed, calcareous, few pebbles less
than )/4 11 diameter, pebbles leave
mold lined with buff to brown
stain, till difficult to disaggregate.
87 - 112 feet
Pierre Shale mixed with pebbles and
silt

lf - 2

feet

Pierre Shale (in ditch at upper end of
cut).
0 - )

feet

Relations to Formations Above and Below
A boulder pavement ·s eparates the Sheyenne Valley
Formation from the overlying till in the section described
above (Sec. 24, T. 141 N., R. 59

w.)

and appears on the to-

pographic highs.

This layer is prominent on the nearly ver-

tical exposure.

Its distinctiveness lies in the high degree

of lithification by cementing, and to the dark brown iron
stain that masks color and identification of the boulders.
Most boulders are les~ than a foot in diameter, but there .
is no gravel included.
Also at the location of the type section, Pierre
Shale is exposed at the upper end of the cut nearly one hundred feet above the bottom of the Sheyenne Valley, but it
does not crop out at any lower elevation in this exposure.

7S
At these lower levels the Pierre Shale is covered by deposits
of the Sheyenne Valley drift, thus indicating a bedrock valley of some magnitude in the vicinity of the present Sheyenne that had been cut before deposition of the Sheyenne
Valley Formation.

The exact course of the bedrock valley

betweeri this point and the widened portion in the vicinity
of Valley City (seep. 37) is not known, but that it was
larger than the present Sheyenne Valley and partly filled
with older till seems likely.
The overlying buff silty till, above the boulder
pavement, indicates a more recent ice advance separated from
the ice that deposited the Sheyenne Valley drift by an unknown time interval.

Sufficient difference in lithology and

texture exists between the two tills (p. 74) to suggest deposition by two separate ice masses, and it is unlikely that
the numerous boulders without other size grades represent
deposition of isolated erratics.

A period of subaerial ero-

sion probably removed smaller size grades, and concentrated
the boulder accumulation.
Farther south, midway between Valley City and Baldhill Dam (Sec. Jl, T. 141 N., R. S8 W., and Sec. 6, T. 140 N.,

R. 58 w.), the northeast bank displays cross-sectional views
of filled valleys.

These are valleys cut in the Sheyenne

Valley till and filled with well-sorted and occasionally
crossbadded sands.

It could not be demonstrated that these

filled valleys are overlain by till, thus three interpreta.
tions are possibles

76
1.

Both cutting and filling were accomplished by

wasting phases of the same ice mass that deposited the Sheyenne Valley drift.
2.

Valleys were cut by · meltwater from the ice that

deposited the Sheyenne Valley Formation but were filled with
outwash sediment by a later ice mass.

3.

Both cutting and filling were accomplished by

meltwater from a later ice mass than that which deposited
the drift of the Sheyenne Valley Formation.
Though the actual time of formation of these features
is unsettled, there was a major drainage route in the vicinity of the present Sheyenne Valley contemporary with, or
shortly after, the deposition of the Sheyenne Valley Formation.

Above, it was noted that the Pierre Shale beneath

this drift was also eroded in a way that suggests a bedrock
valley older than the oldest till.

Thus, it is concluded

that the Sheyenne had its course roughly established at
least in early Wisconsinan and possibly pre-Wisoonsinan time.
This interpretation is strengthened by evidence in the widened portion of the Sheyenne Valley near Valley City (p. 37).
The erosional forms that had been initiated in the bedrock
were not destroyed, or at least were re-excavated following
Sheyenne Valley Formation deposition.

Comparable re-excav-

ation was likewise accomplished following the retreat of
Kensal ice.

The Sheyenne appears not to have been an ice

marginal stream.

This does not apply to Baldhill Creek

which was apparently out by Cooperstown meltwater along a

/
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course in front of the Cooperstown end moraine.

It is quite

possible that topography on the Sheyenne Valley Formation
caused, in part, the anomalous shift to the southwest in the
lower course of the latter stream (p.

J6).

Structure
Along a road-cut close to the center of section 24
in T. 141 N., R. S9

w.,

complex ice thrust features occur

within the Sheyenne Valley Formation (Figure 12).

These con-

sist of a one to three inch layer of gray shale, strongly
resembling the Pierre Shale, that forms a series of asymmetric folds within the Sheyenne Valley Formation.

Though

sediment below this layer is massive and heterogeneous, some
traces of folding remain visible.

There is no knowledge, at

present, of the direction or nature of the deforming force.
Erratics of the Niobrara Formation occur frequently in this
section, but were not observed in any other exposure of till
in the north half of Barnes County.
Correlation
Clayton (1962, p. SS) reported a

11

sub-Wiscon.sin (?)"

jointed drift, surfaced with iron-oxide cemented gravel, and
he cites three other occurrences of similar features described by Bonneville (1961).

Flint (19SS, p. Jl), in South

Dakota, ascribed to a pre-Wisconsinan drif~ characteristics
found in the Sheyenne Valley drift.

These 'i ncluded a joint

system with dark stains on the joint surfaces and also pebble molds.

It is possible that this formation in the north

78

llgure 12.

Pbotosrapha of thruat feature• in Sheyenne
Va11•Y •orna.tion Sec. 24, T. 141 ••• a. J9

w.

79

half of Barnes County may be early or sub-Wisconsinan. but
to date. this correlation cannot be demonstrated.

It is

counted. at present. as of indeterminate age.
Wisconsinan Stage
General Statement
Four drifts occur in the north half of Barnes County
that are ascribed to ice of the Wisconsinan age.
logy of these drifts is similar.

The litho-

Only the Buchanan(?) drift

(see below) shows sufficient statistical variation to be set
apart.

Most of the tills are yellowish-gray (SY 7/2) when

dry and moderate olive-brown (SY 4/4) when wet.

Percentages

of sand. silt, and clay are nearly equal. but the number of
pebbles. cobbles, -and boulders appears to vary pe~ceptibly
as noted below.

The abundance of fragments of Pierre Shale

in all tills is a common characteristic.

Shale in meltwater

gravel deposits becomes their common detriment since it
greatly reduces their value as concrete aggregate.
Buchanan(?) Drift
Name and Definition
What has been earlier referred to as a group of drumlinoid hills (p. 32) sculptured from an overridden end moraine is here tentatively associated with the Buchanan
end moraine named and described by Winters in central Stutsman County (1963. p.

SS

and pl. 1).

These hills. the out-

wash lying southeast of them. and the narrow zones of out-
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wash sediment in the northwest corner of Barnes County to, gether constitute this morphostratigraphic unit.
Lithology
Field exposures of Buchanan(?) drift are not distinguished perceptibly from those of the surrounding Kensal
till except that there appears to be more sand in the former.
Size grade analysis of the Buchanan(?) shows greater quantity of fine sand and ~ilt, and very little clay (Figure lJ).
When this till was analyzed for carbonate content using the
Chittick apparatus (p. 9), both the total carbonate and the
dominance of dolomite over calcite set it apart from all
other tills of the north half of Barnes County.

Figure 14

shows that the average amount of dolomite in Buchanan(?)
till is 22% whereas that of other tills is about 11%.

The

total carbonate averages J1% against less than 17%, but note
that it is the quantity of dolomite that causes this difference.

Quantities of calcite in Buchanan(?) till are very

slightly higher than those of other till.
Relations to Formations Above and Below
The development of these forms has been discussed
above (p. J2), and it remains here to cite the evidence for
association with the Buchanan drift.
First, the hills are essentially parallel with the
strike of the Buchanan end moraine if it were projected eastward from the line of its truncation by Kensal ice in Stutsman County.

Admittedly, this is circumstantial, but the
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Figure lJ. Cumulative curve showing the distribution of particles
smaller than 4 mm. of the Buchanan(?) drift
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C A L C I T E

Range of variation of calcite and dolomite
in Barnes County tills

BJ
general difference in direction of ice movement between the
and Kensal is significant.

The Grace City and the

in Stutsman County were built by ice moving in from
the north-northwest, ,whereas the Kensal ice came from the

northeast.

It is not difficult to imagine the Buchanan and
moraines being built by masses of ice that pushed

far south from the Lake Souris plain · (Faigle, 1964, p. SO).

In like fashion the Kensal has its logical source in the
Leeds sublobe of the remnant DesMoines lobe that in this
pushed west from the Lake Agassiz basin.
Lemke and Colton (19S8, p. SO) indicated, and Winters
concurred (196J, p. 61) that there is no truncation between
Grace City and Kensal.

Fro~ this, they suggest ~here

have been two sublobes possibly contemporaneous with one
On the other hand, Winters (196J, p. S6) not only
said the Buchanan is truncated by the younger Kensal, but he
adduced evidence (p. S8) to show a genetic relationship between the Buchanan, Eldridge, and Millarton moraines.

The

latter two are farther south, show the same direction of ice
movement, and would have to be counted even that much older
the Kensal.
The drumlinoid hills in Barnes County were formed of
that antedated Kensal ice.

Moreover, this till is dif-

than the Kensal lithologically.

The sharp difference

path of travel of the Buchanan ice may well account
for such lithologic variation.

30~3 9 _
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Kensal Drift
Name and Definition
The Kensal moraine is cited by Lemke and Colton

(1958, p. 50) and described in detail by

Winters

(196J, p. 62).

It derives its name from the village of Kensal in northern
Stutsman County.

Drift from Kensal ice in Barnes County con-

sists of the proximal side of the end moraine and ground moraine (p. 15 above).

It forms the oldest continuous surface

drift in Barnes County, and in the north half of the county,
covers the entire area west of the Sheyenne and Baldhill Creek
valleys.
Lithology
In the north half of Barnes County, Kensal drift is
a buff, stony, clay till that displays no exceptional characteristics.

Samples collected from the proximal slope of

the end moraine along its strike show remarkably consistent
size-grade distribution (Figure 15).

A few samples show the

lowest carbonate readings both of dolomite and calcite of
any till in the area, but some overlap of these amounts show
common sources with those of Luverne and Cooperstown moraines
(Figure 14).

The color of the till when wet is moderate .

olive-brown (5Y 4/4) and when dry is closest to yellowish
gray (SY 7/J).
Relations to Formations Above and Below
Winters (196J, p. 66) states that the Kensal moraine
was formed 'b y a significant readvance of ice.

His most tell-
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Figure 1S. Cumulative curve showing the distribution of particles
smaller than 4 mm. of the Kensal till
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ing evidence consists of the truncation of the Buchanan morJ

aine in the east central part of Stutsman County.

Likewise,

he notes the separation of Kensal till from an older underlying till by an exposure of water-deposited sediments
(p. 66).

No evidence exists in Barnes County that would

determine the extent of readvance other than that discussed
above (p. 80).

Both Cooperstown and Luverne drifts were de-

posited by ice in brief halts in its retreat from the Kensal
front.

Attention was directed above (p. SJ) to the relation

of Kensal drift and the Leeds sublobe of the DesMoines lobe.
Cooperstown Drift
Name and Definition
The first identification of the prominent ridge in
T. 14J N., R. 58 and 59

w.,

in north central Barnes County

~

with. the Cooperstown moraine was made on the Preliminary
Glacial Map of North Dakota (196J).

Earlier, Lemke and

Colton (1958, fig. 5) had failed to show this connection,
but it is believed that correlation with the Coopers~own is
correct and proper.

The moraine is named for the village

of Cooperstown in southeastern Griggs County.
Occurrence
Cooperstown drift consists of the end moraine that
borders the northeast edge of Baldhill Creek valley and a
portion of the Sheyenne Valley (seep. 51). Outwash of very
limited extent occurs in front of parts of Cooperstown end

87
mor~ine and ground moraine is largely covered by lake deposits.

Ground moraine is exposed in several excellent sections

east of the Sheyenne in T. 143 N., R. 57

w.

Lithology
Cooperstown drift is a buff stony sediment with a
large number of shale pebbles.

There are several layers of

seemingly unbroken shale beds exposed along the west boundary of Section 27, T. 143 N., R. 58

w.,

that dip 38 to 43

degrees toward the distal side of the moraine.

These prob-

ably are layers of Pierre Shale quarried by the ice and preserved nearly intact.

Cumulative curves show that the seg-

ment of the Cooperstown end moraine west of the river is
more stony and more sandy than that segment east of the river.
In similar fashion the cumulative curves for Luverne drift
differ from each segment of the Cooperstown (Figures 16 and
17).

Relations to Formations Above and Below
The Pierre Shale directly underlies Cooperstown
drift as evidenced by exposures in the tributary valley to
the Sheyenne that crosses Sections 22, 2J, and 26 of T. 14J N.,
R. 58

w.

Logs of two test holes inside the Cooperstown mor-

aine (Plate J) indicate the surface of the bedrock is high
and covered by a maximum of twenty-five feet of mantle.
Less than three miles to the northwest another log records

154 feet of gravel and till on bedrock.
face is at least 165 feet lower.

This bedrock sur-
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sal drift was deposited on the bedrock high prior to subsequent deposition by Cooperstown ice.

If any was there it

became part of the Cooperstown drift, and some underlying
Pierre Shale bedrock was picked .up as well.
Relation of the Cooperstown drift to the younger
Luverne drift is problematic.

Alternative interpretations

have been discussed above (p. 52).

In the synthesis that

follows it will be seen that insufficient time to effect
ice withdrawal and readvanoe favors the interpretation that
the curved ridge east of the Sheyenne is Cooperstown rather
than Luverne.
Luverne Drift
Name and Definition
The Luverne drift constitutes the most complete
morphostratigraphic unit in the mapped area consisting of
both end and ground moraine and the associated outwash.
This drift is named for the village of Luverne located near
the crest ~f the end moraine in the southwest corner of
Steele County.

This unit forms the surface mantle for much

of the north half of Barnes County east of the Sheyenne
River valley and forms the Luverne Ridge and Slope subdivision (p. 49).
Lithology
Luverne drift is indistinguishable in appearance
~rom the more extensive Kensal drift to the west.

Size

grade analyses show it to be slightly higher in silt and
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clay content than Kensal drift (Figures 15 and 17), but no
l

real distinction ·can be made.

There is likewise significant

overlap in the carbonate content of these - two tills (Figure
14).

Greater difference can be observed in the analyses
and surface expression of the Luverne drift along the axis
of the Luverne end moraine.
Luverne (T 0 14J N0

,

R. 58

The northern portion of the

w.)

is characterized by boulders

in such quantities that the farmers have had to gather them
into piles in every field.

Boulders have prohibited culti-

vation in this northern part, and the land can be used only
for permanent pasture.

However, farther south (from the cen-

ter of T. 142 N.) Luverne drift is nearly stone-free.

Cumu-

lative curves of till from different parts of the end moraine show wide disparity in the quantities of pebbles and
coarse sand (Figure 17).

Earlier, field observation had

suggested this difference added weight to the idea of truncation of the Cooperstown moraine, for it is at the line of
possible truncation that the change in Luverne drift is
note<:I.

HISTORICAL INTERPRETATION
Preglacial Surface
The preglacial surface in the north half of Barnes
County consists, as far as is known, of the eroded surface
of Pierre Shale of Cretaceous age.

Early Tertiary formations

undoubtedly covered this portion of North Dakota but are not
exposed at the surface or recorded in test drill holes, so
it is concluded that Tertiary rocks were largely removed by
later Cenozoic erosion.

The effect of this erosion on the

Pierre Shale was to produce a surface of five hundred feet
maximum relief that included preglacial Sheyenne and Baldhill Creek valleys (p. J6 and 40).

From the east boundary

of the county to near the center of R. 57

w.,

there is a

gradual increase in elevation with an even slope toward the
east.

West of the Sheyenne, two bedrock highs are evident:

one in the west central part of T. 14J N., R. 58
another in the northwest corner of the county.

w.,

and

Two parallel

elongate troughs are oriented south-southwest in the western
third or the mapped area.

The trough farthest west is the

head of the large Spiritwood valley that now contains abundant gravel and drains toward the south.

Kelly (1965, D161)

describes this valley and its hydrology in detail.
The bedrock surface was undoubtedly modified by sue-
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cessive glacial advances, but the amount of such modification
is unknown.

Also, the detailed topography of the bedrock

surface is obscured by the deposits of glacial drift.

Even

the large b~drock valleys cited . above have no surface expression.

It can only be assumed that Plate) represents a

very generalized pattern of the bedrock surface encountered
by glacial ice.
Glacial Advances
Pleistocene Excluding Wisconsinan
Nebraskan and Kansan
There is no evidence of Nebraskan or Kansan glaciation
in ·eastern North Dakota.
Illinoian
Flint (1955) described sub-Wisconsinan, possibly
Illinoian drift in eastern South Dakota.

It is assumed that

ice of corresponding age traversed eastern North Dakota.
Above (p.

77), it was noted that characteristics ascribed

to pre-~isoonsinan drift fit those of the Sheyenne Valley
Formation found in Barnes County, but no positive correlation can be demonstrated 0
Wisconsinan Stage
Early Wisoonsinan
A like comparison of drift characteristics can be

made between the Sheyenne Valley rormation and Clayton's
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(1962) early(?) Wisconsinan till (seep. 77).

Again, no

positive correlation is possible, so the Sheyenne Valley is
considered of indeterminate age.

It can be concluded that

this part of North Dakota was glaciated prior to late Wisconsinan time• but the extent and details of earlier glaciation are not known.
Late Wisconsinan
Kensal, Cooperstown, and Luverne glacial deposits
all postdate the emplacement of ice that ultimately formed
the Streeter moraine and the dead-ice features of the Burnstad drift.

Ice was not gone from the Coteau du Missouri

when moraines were being formed in Barnes County;
ice advance on the Coteau was, how~ver. completed.

active
Burnstad

ice radiated from the Laurentide Ice Sheet and covered the
Missouri Coteau as part of the James River lobe.

The James

River lobe• in turn, was separated from the DesMoines lobe
by the Coteau des Prairies.

It can be deduced that active

Burnstad advance, including the building of the Streeter
moraine, was completed prior to 11.65ozJ10 B. P.

Clayton

(1962, p. 68) indicated that Burnstad Drift was being deposited continuously from the above date to about 9,JOO
years ago from stagnant, drift~covered ice.
According to Kresel (1964b) and Faigle (1964), the
Millarton, Eldridge, Buchanan. and Grace City moraines represent deposition from the Souris River sublobe (p. SJ)
as contrasted with deposdtion of the Kensal, Cooperstown,

9S
and Luverne moraines by the Leeds sublobe.
represent greater thinning and a later phase

These sublobes

of

the Lauren-

tide Ice Sheet than the lobation cited in the previous paragraph.

Kensal ice, from the Leeds sublobe, may have been

contemporary with stands of ice from the Souris River sublobe in Grace City time (Lemke and Colton, 1958, p. SO).
However, the Buchanan phase must have antedated Kensal ice
in northern Barnes County in order to have deposited the
moraine later overridden to form drumlinoid hills (p. 8J).
Kensal, Cooperstown, and Luverne moraines represent
still-stands of "brief duration in the retreat of the Leeds
sublobe.

At one stage in this investigation, it was be-

lieved that the Cooperstown moraine was truncated by the
Luverne moraine (p. 51).

If such truncation were predi-

cated, Luverne ice in Barnes County would have had a more
westerly component of motion than the ice that built the
Cooperstown moraine near the present Sheyenne Valley.

This

suggests an eastward shift in the zone of accumulation at
least as it affected the Leeds sublobe.
Weertman (1964, p. 157) theorized that the time to
build an ice-age ice sheet is of the order of 15,000 to
J0,000 years when the accumulation rate is between 0.2 and

o.6

meters per year.

By contrast, he suggested only 2,000

~o 4,000 years are necessary to melt an ice sheet of continental proportions.

Both the time element that is sug-

gested by Weertman 1 s theory, and the complexity of a shift
in the direction of i 'ce moTement have led to questioning of
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the idea of .truncation.

A re-entrant within the Cooperstown

moraine itself would seem to require less time and constitute
a simpler explanation.

As will be shown below, time to build

the moraines in the north half of Barnes County is restricted.
Outside Barnes County, the Edinburg-Holt moraine in
the Lake Agassiz basin is said to be pre-Lake Agassiz II
(Laird, oral communication) and possibly early Lake Agassiz I
(Schulte, in press).

This segmented moraine, too, repre-

sents a retreatal stand of the Leeds sublobe.

Its signifi-

cance lies in the fact that ice, occupying the entire area
from the line of the Kensal moraine to that of the EdinburgHolt moraine, all had to melt in the interval between Burnstad stagnation and Lake Agassiz I.

Weertman 1 s generalization

applies to this area.
Terrace Chronology.--It has been stated above (p. 47)
that terraces in the Sheyenne Valley postdate Kensal and
Cooperstown moraines, but that Luverne ice deposited till
and outwash on the two higher terrace levels, and its meltwater may have helped form the lowest level.

Table 1 (p. 45)

shows the action in the Sheyenne Valley correlative with
glacial activity farther north.

Aggradation in Barnes County

is assumed to have taken place when ice of the Leeds sublobe
was retreating from the Heimdal to the North Viking morainal
positions.

Tetrick (1949) gave evidence1hat the final stage

of aggradation in the Sheyenne Valley was associated with
the diversion of Lake Souris water from the James to the
Sheyenne rivers, and that this diTersion carried sediment in-
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to Lake Agassiz I to form the Sheyenne delta.

Also, incis-

ing of the Sheyenne Valley to its present form was accomplished after the ice began its retreat from the North Viking
moraine and as Luverne ice retreated from its end moraine.
Woodfordian (Mankato) .2!. Valderan.--Leighton (19S7)
and Elson (1957) express contrasting views concerning the
existence of Valders ice in North Dakota.

These views mark-

edly affect interpretation of the sequence in the north half

of Barnes County.

Leighton (1957) said that the Big Stone

moraine in Minnesota marked the advance of Valders ice, and
the Kensal moraine in Stutsman and Barnes counties, with the
Oakes moraine farther south, is correlated with the Big
· stone (Lemke and Colton, 1958, :p. SO).

Thus the Kensal, as

well as the younger Cooperstown and Luverne moraines, would
all be Valderan, a~d therefore post-Two Creekan in age.

The

end of the Two Creeks interval at the type section in Wisconsin is 11,850±100 years B. P. (Broecker and Farrand,
1963, p. 79S).

The moraines in Barnes County would have

been formed in post-Streeter time, or sometime subsequent to
11,65o~JlO years B. P.
active Burnstad ice.

This assumes the date represents
If the wood from .which this date was

derived was buried by mass movement during the interval of
stagnation as may have been the case (Reid, oral communication), it has no definitive meaning for the Barnes County
chronology.

Moreover, Clayton (1962, p. 69) believed eastern

North Dakota may have been ice-free and the active-ice margine considerably north of the North Dakota-Manitoba border
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by 10,05o±JOO years B. P.

Also, the Holt-Edinburgh moraine

is older than 10,000 years on the basis of three radiocarbon
dates in Grand Forks County (Laird, oral communication).
Thus, if Leighton is right, ice constructed each of
the prominent moraines in Barnes County and retreated out of
the state in about 2,000 years or between 12,000 and 10,000
years ago.
By contrast, Elson (1957) says that Valders ice never
reached North Dakota, and that the Lake Agassiz I - II interval was equivalent to the Two Creeks warm-up.

By1his

interpretation, moraines in Barnes County would have to be ·
pre-Tw9 Creekan in age, and would have formed prior to
11,850 years ago.

In fact, this figure represents the end

of the warm interval so pre-Two Creeks glaciers would presumably have formed their deposits significantly earlier
than 11,850 years ago.

If this interpretation is acc~pted,

the 11,650-year figure cited above in connection with the
Burnstad till can hardly be associated with active Burnstad
ice.

Thus Elson 1 s position demands a much earlier period

for the emplacement of Burnstad drift in order that moraines
in Barnes County might have been formed subsequent to that
drift, yet prior to the Two Creeks warm-up.
Conclusions
From the above discussion, it can be seen that an
acceptable glacial chronology of eastern North Dakota is
difficult to formulate.

Three alternatives are suggested,
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1.

If a Valderan age is accepted for the Kensal

and other surface drifts of northern Barnes County, not only
is Elson 1 s work invalidated, but the pre-10,000 year figure
for the Edinburg-Holt moraine appears too early.

Ice must

have continued in North Dakota until 7,000 or even 6,000
years ago.
2.

If a Woodfordian age is accepted for the surface

drifts of Barnes County, the validity of final ice advance
onto the Coteau du Missouri as recently as 12,000 years ago is
questioned.

.1s,ooo

Burnstad ioe must have advanced as early as

to 17,000 years ago, and the date of its stagnation

moved proportionately, in order to allow subsequent active
ice to build moraines in Barnes and Stutsman counties and then
completely disappear from North Dakota by 11,8SO years ago.

J.

If all present radiocarbon dates are counted

valid, then ice accumulation, subsequent till deposition,
and ultimate ablation exceeded rate~ that are regarded as
maximal.

Either pre- or post-Two Creeks time allows essen-

tially l,SOO to 2,000 years for glacial activity in eastern
North Dakota.

This is essentially Weertman 1 s minimum for

recession alone, and the several moraines indicate at least
temporary halts in recession.
It is my own considered judgment that the pre-Two
Creeks age for Barnes Coun~y moraines is preferable.

How

ever, I am inclined to think that glacial activity was more
rapid as the Two Creeks warm-up approached than has generally
been thought.

Rapid ablation with brief intervals of equally

rapid accumulation functioned as the result of turbulent
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climatic conditions.

This is, at best, only an educated

guess and incapable of either support or rejection at the
present time.
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